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ABSTRACT 

Thirteen papers relating to secondary school science 
teacher education are presented in this publication* This aaterial is 
the result of a joint HARST-AETS panel at the 1973 annual meetings of 
the tvo organizations* Host papers are descripticns of preservice 
prograis carried out at diverse institutions* Hajor topics are 
related to educational objectives, nev challenges, educational 
technology, research possibilities, continuing education for 
experienced teachers, education accountability, integration of 
educational courses, teacher responsibilities, prograa flexibility, 
early clinical experience in teacher preparation, perf oriance^based 
or coapetency^based prograis, integration of Minorities, inner^city 
experience, huaanistic approach/ reasoning and ccnceptualizing 
abilities aaong students and teachers, and future prospectives* 
Included is a transcript of the panel discussion vith audience 
coiaents and guestions* (CC) 



ERLC 



■ OMATlO«< 4 WIL# A» 

M4T(0iNAL (MITtTifTI 
■ DUCATtO** 
THI$ DOCUMENT HA$ BEEN RCPflO 
DUCCD exACTLV A$ AECllVCO FROM 
THE PERMN OR OttOMUkJfOH CHiGiH 
ATINC IT PO\UT% OP View 0I» OPtltlO«*S 
STATIO 00 NOT NECe$$AftlLV RepRC 
$eNTOFFK(ALMAT(ONAL(N$T^TUTG OF 
e0uCATl0«4 fO$lT40N OR POUKV. 




CE 

ATI ON 
MATION 
RT 





THE ERIC SCIENCE, MATHEMATICS AND 
ENVIRONMENTAL EDUCATION CLEARINGHOUSE 
in cooperation with 

Center for Science and Mathematics Education 
The Ohio State Unwersity 



SECONDARY SCHOOL TEACHER EDUCATIOlJ: 
WHERE ARE WE GOING? 



John F, Schaff 
University of Toledo 

Burton E, VoBS 
University of Michigan 



National Association for Research in Science Teaching 

Association for the Education of Teachers in Science 

In Cooperation With 

ERIC Information Analysis Center for Science 
Mathematics, and Environmental Education 
The Ohio State University 
1800 Cannon Drive 
400 Lincoln Tower 
Columbus, Ohio 43210 



March, 1974 



EDITORS* NOTE 



The ERIC Information Analysis Center for Sclencet Mathematlcat 
and Environmental Education has again cooperated with the National 
Asaoclatlon for Research In Science Teaching and the Asaoclatlbn 
for the Education of Teachers In Science In the production and 
pxibllcatlon of thla document. The material contained In thla pub- 
lication resulted frotn a Joint NARST'^AETS panel at the annual meet-* 
Inga of the two organlzatlona which occurred In Detroit » Michigan » 
In Mercht 1973. Thla Joint meeting was well attended. Howevert 
panellsta did not hsve the opportunity to present their pspers^ 
due to time restrictions » and were limited to brief resctlons con- 
cerning the contents of these pspers. In order to provide the 
science educstlon community with more Information concerning the 
topic "Secondary Science Teacher Education: Ifhere Are We Going?" 
we are pleased to be able to provide thla document containing the 
panelists* papers and a transcript of the panel discussion and 
the sudlence's comments snd questions. 



Fstrlcls E. BlOBSer 
Stanley L. Helgeson 
Editors 



This publlcstlon was prepsred pursuant to s contrsct with the 
Hstlonsl Institute of Educstlon t United Ststes Bepsrtment of 
Healtht Educstlont and Welfare. Contractors undertaking auch pro^ 
Jects under Government aponaorshlp are encouraged to eicpreaa freely 
their Judgment In profeaalonal and technical mattera. Folnta of 
view or opinions do not^ therefore t neceasarlly repreaent National 
Inatltute of Education position or policy. 
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FOREWORD 



In response to a request from NARST and AETSp a dlscuaaion 
session was organized so that NARST and AETS members could openly 
discuss a topic of mutual concern. Because numerous changes and 
new developments are occurring in teacher educatiout the symposium 
organizers decided that a timely and challenging topic for dis- 
cussion would be ''SECONDARY SCIENCE TEACHER EDUCATION: WHERE ARE 
UE GOING?" A group of NARST^AETS members active in secondary 
science teacher education vas asked to prepare papers responding 
to this topic as they perceived it in relation to recent trends 
and developments in their own institutions. It was suggested 
that they include results of researcht development and program 
activities, and point out implications for the future. 

Individual papers prepared by the panel participants were 
exchanged about one month prior to the meeting. This provided 
each member a short period of time to read and study the ideas 
presented by the group in advance of the scheduled discusaion 
session. The panel was informed that individual papers would not 
be readt reviewed, or summarized by their respective authors at 
the beginning of the discussion session. The entire one and one- 
half hours would be devoted to a synthesis and evaluation of the 
ideas, points, programs, etc. presented in the papers. In addition, 
the panel was informed that audience participation in the discussion 
would be encouraged. 

The symposium organizers wish to express their appreciation 
to the panel and members of the audience for their excellent con- 
tribution to the program. 

John Schaff 
Burton Voss 
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SECTION I 



Individual Papers 



BOTH . . . AND 



Paul E. Bell 
The Pennsylvania State University 
University Park» Pennsylvania 



Throughout the past several decades discussion about preparing 
science teachers has centered around questions like %hich is the 
best method^ . . . ?" A comparison between tvo methods^ guidelines^ 
approaches I philosophies^ textbooks^ or curriculums vould follow. 

In the vernacular of the biologist^ science teacher trainers 
have tended to be splitters. For two reasons^ the described "either 
. . . or" tenet is no longer appropriate. Firsts the research gener- 
ated has not shown such dichotomous thinking to be consistently pro- 
ductive in any one way over another. Secondly^ the complexity of 
the needs of today *s student and the society which pays for his edu'^ 
cation suggests that simple^ single dimensional schemes are likely 
to be improbable answers to the charges thrust upon today's educa*^ 
tors. The publics are demanding that we be accountable in too many 
ways . 

This presentation will describe similarities between the dilemma 
of preparing science teachers in the 1970 's and the manner in which 
two successful enterprises have approached problems of similar dimen- 
sions—football teams and NASA. 

Let us examine the charges before us* The publics are crying 
for several features that appear at first to be incompatible: 

1* Science teachers must be accountable for producing 
students who know science. The populace is impatient 
with excuses. 

2* There is general impetus to provide interesting 
alternatives for students at all levels. Since 
each student defines "interesting" in different 
terms ^ this charge is a most complicated one. 

3* Science teachers as well as all others are being 
asked to build in the human aspects of teaching. 
Subject matter in itself is inadequate. 

4. Sciences must be integrated with themselv&cii the 
social sciences » mathematics and technological 
fields. Pure science or pure mathematics is no 
longer acceptable. 

5. Science teachers will have to produce a general 
public that is sympathetic to the support of con- 
tinued scientific and technological effort 
nationally . 

6. Me should not expect financial backing in preparing 
teachers to meet these demands. 



The students aspiring to become science teachsrs also ask some 
challenging demands of us: 

1. Instruction should be a model of what they are 
to do as science teachers. 

2. They want more real experience both In the class- 
room and in the laboratories throughout their 
preparatory program. 

3. They wish to be treated as individuals and as psrsons. 

4. They wish to enter a field that has self-respect 
among its practitioners and warrants respect from 
the rest of the academic community. 

Meanwhile » the teaching practitioners have essentially one 
general wish— they desire the autonomy to teach in the best possible 
way. This means financial security to be sure. But it also means 
the privilege of continuing their own education in ways that are 
meaningful to them and the managing of the system in which they work 
to facilitate their best aspirations and efforts rather than thwart- 
ing them. 

The American Association for the Advancement of Science has 
developed some similar charges which are in themselves acknowledged 
reflections of those previously described: 

1. Each college teacher of science should present 

his specialty as an interaction of science processes 
and science knowledge. 

2. He should also present his course in a way that 
each idea is placed in context with the personal 
impact it has on the student *s own life and the 
implications it has for mankind in general. 

3. The ideas in the course should impart the inter- 
actions they have with the other science disciplines^ 
with mathematics and with the several social sciences. 

This array of challenges by the several influential voices Inter- 
ested in the preparation of science teachers constitutes a complex 
and bewildering set of conditions to meet. We no longer have the 
option of meeting one condition or the other. Our task is meeting 
one condition '1)oth . . . and the other multipled many times." If 
we look at the task NASA adopted for itself » we see a similarly com^ 
plex challenge. The challenges before a football coach are Just as 
demanding and follow an inflexible and rigorous time schedule. Now 
how would they attack their problem? 

Both of these endeavors maintained a basic underlying philosophy 
that is not very obvious among educators generally nor science 
teacher trainers specifically. They operate on the premise that they 
can win - that they can overcome all obstacles and be successful. As 
the little red caboose In the children's story suggests* we each must 
remind ourselves frequently^ "I think I can» I think I can I" 



What other characteristics can we glean from the operations of 
football and IJASA that might be helpful to us in facing this involved 
a task? Both enterprises employ a systematic way of analyzing the 
factors affecting their performance. One of these factors is the 
use of man power. Once this role analysis is done, a personnel needs 
priority system can be established and then the ^Hnost likely to suc- 
ceed** candidates can be recruited. 

The systematic approach does not permit very much to be left 
to chance. The recruited personnel are then subjected to intensive 
training* They must perform in adequate ways - no la^ssez faire nor 
mere experiencing of situations. Instead, realistic simulations are 
arranged in which the participants must not only experience but per- 
form in predetermined ways under those conditions. IIASA calls these 
experiences "simulations"; football calls them "scrimmages" or 
^V^actice games.** 

Another important technique is the monitoring and readjustment 
that goes on, both during the simulations and during the actual 
space shot or game. The monitoring is a data-gathering exercise in 
which computers may be employed to arrive at suggested "adjustments.** 
These adjustments are dependent upon the quickness and astuteness of 
the participating personnel. Therefore, two characteristics of the 
recruited manpower are (1) the capabilities to follow suggestions 
based on data and (2) to adjust quickly. Flexibility is a function 
of capability to do alternative skills and a willingness to do them 
as directed or as the situation demands. 

Monitoring is not left jcompletely to the mechanized hardware. 
Astronauts must be able to perform diagnostic and corrective pro- 
cedures; similarly, football players must "read** signals and cues 
and take on^'the-spot corrective measures. Hence, another character** 
istic of the recruits is that of being able to perform diagnostic 
measures, make decisions, and deliver a correction that is compatible 
within the system* 

Monitoring does not rely on a single type of data input either.^^ 
Ilumerous counter diecks are being utilized to test the validity of 
data obtained. Therefore, it seems unwise for educators to ontinue 
looking for the single fountain of perfection. Instead, al. ata 
input techniqit^.s should be developed, used, and compared for accuracy 
of intplications . 

Both football and IJASA have exploited the public relations fac- 
tor In continuing their programs. **FR** is not limited to the manage- 
ment and special agencies, players and astronauts are taught 
how to conduct themselves to build the correct image and enhance the 
interest of the public. Another quality of the recruit must be that 
of personal color and his potential for providing good *'PR.*' 
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Operational definitions of good *^R" are hard to cone by. How* 
ever, a few obvious characteristics might be recalled. First, a 
program must have a quality which Is easy to associate with human 
endeavor. Second, that human quality must Include the public - Mr. 
Citizen must feel an Identity with the people In the program and with 
the program Itself. Third, the public must be updated continuously 
of the changes that are being made, the strategies, the Intricacies, 
the need for qualified personnel* the awesome tasks those personnel 
accomplish t and the ways In which the program Itself and the changes 
In the program will benefit mankind better. 

These are the details. How many mock-^pSf charts^ animations 
have you seen that describe the exact orbits , time checks, positions, 
use of equipment » etc., to be followed by the astronauts? Or how 
many times have you been permitted to hear of the strategies, per- 
sonal decisions, training rigors, game plans, opponent scouting re- 
ports, or even plays being called during a game provided by your 
favorite football team? Now think again* how does your favorite 
science teacher training program fare by comparison? Gotchal? 

A final component of the ongoing attention to systematically 
dealing with the Important considerations In a program Is that of 
team morale. Both football and NASA provide several guidelines. First, 
differences between persons are accepted. Astronauts displayed different 
kinds of personalities and were played up as being distinct. Likewise, 
there Is very little similarity between double zero Otto of the Haiders, 
Franco Harris of the Steelers, Broadway Joe* or Mercury Morris. 

Closely associated with the acceptance of personal differences Is 
the second guideline. Both football and NASA capitalize on the special 
talents of their personnel. Thirdly, the Idlosyncracles, whims* and 
personal problems are dealt with. These superstars are not Isolated. 
They are encouraged to become Involved with each other, with their 
leaders, and with management. 

If we consider the preceding analysis seriously, and consider 
the analogues as being examples of successfully solving very complex 
problems that are of the same magnitude of complexity as preparing 
science teachers* we are bound to come to some considerations worth 
Inspection . 

Education In general and the preparation of teachers in particu- 
lar have left an awful lot to chance* At least some elements should 
be subject to systematic analysis and treatment. Educational re- 
searchers should be about the task of performing that analysis and 
develop the means for treating those appropriate aspectsl We are 
going to have to move to a criterion referenced orientation. Not 
Just the easy stuffy but complex, human performances that employ all 
levels of cognitive, psychomotor, affective, social, and decision 
making skills. Education Is complex beyond the capabilities of single 
thinkers to comtemplate simultaneously the effects of altering a 
variable on all other known variables. We must, therefore, go to 
technology, especially the computer, to enlarge our capabilltloa to 
keep track of effects. 
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We must accept the changing role of science teachers aB they 
are confronted with the possibilities of working with paraprofes- 
sionals» interdisciplinary teacher teams» curriculum development* 
scientists and technologically trained persons » and the public more 
closely. It appears that the teacher Is being liberated toward true 
professional status* and at the same time» he is being asked to accept 
the new responsibilities that accompany first class professional en- 
deavors. Several characteristics will be needed by the science 
teacher of the 1970*s. These include: 

1. He will need knowledge from the several sciences* 
the processes they use in scientific thinking* the 
interactions of the knowledge and process components* 
the interdependency across the several sciences* the 
influence on and by the social sciences* and the 
capabilities and limitations of mathematics and each 
of the sciences. Such a level of competency will al- 
most certainly demand involvement in research planning 
and implementation at least in one field of science 
before graduation. 

2. He must be analytical and accept the responsibility 
of modeling this approach constantly before his 
students. He must forego the practice now very 
common of encouraging idolatrous worship of the 
big names of science. He also must become much 
more precise in his transmission of information 
through the use of operational definitions* log- 
ically developed arguments and the language of 
mathematics. 

3. He should also be capable of employing the use of 
computers for his own research or that of others. 
He should know the capabilities and limitations 
of the present computer technology. 

4. He should be able to provide examples of the 
application of science principles* concepts* and 
processes to the everyday living of the several 
student types represented in his enrollments - 

He should also be able to anticipate the Implica*^ 
tions of these concepts on mankind. 

5. Pedagogically* he should be flexible. This means 
that he should be able to deliver quality instruc- 
tion using several different modes of transmission 
and coisbinations of all the available curricula. 

6. He should also be sensitive to the changing needs 
of his students* capable of diagnosing instruct 
tional and learning problems* willing to make 
pedagogical decisions based on the diagnosis* and 
monitor the results during Instruction. 

7. He should accept the responsibility of guaranteeing 
instructional results - not Just for the academ- 
ically tainted* but appropriate expectations of 
all calibres of student interests and capabilities. 



8. He should be socially and politically sensitive. 
He should adapt his instruction to meet the local 
needs and priorities^ but at the same time begin 
the task of enlightening the publics of the ways 
for achieving quality science education for all 
students. 

9. He should be able to develop and test curriculum. 
He should be willing to base his decision on 
research data and contribute in ongoing manner 
his otm findings from action research. 

It behooves science teacher trainers to establish performance 
criteria that will guarantee proficiencies in each of our products* 
Our work in the past decade is on the right track t but we have not 
been aggressive enough. Some approaches that are being tried are 
described below. 

The most rigorous broad-base program of instruction require- 
ment (1) has been modeled by the science education doctoral program 
at Oregon State» which demands that its students have strong majors 
in each of the sciences plus educational research. 

At the undergraduate level students may be encouraged to 
specialize in more than one field which can often be accomplished 
without many extra semesters of work being demanded. Another approach 
is to encourage students to become proficient in additional fields 
during the acquisition of the master^s equivalent certification re^ 
quirements. 

Requirement (2) will be one of the toughest to effect. The 
National Science Foundation has been encouraging change here — 
especially in offering financial support of student-generated re- 
search. This program will continue for high school^ undergraduate 
and graduate levels. Unfortxmately ^ most college science teachers 
tend to imitate the demigod model by scattering the updated pearls 
of knowledge and paying little attention to their students* capabil- 
ities of analyzing data critically » designing research around a 
knowledge base^ and implementing empirical investigation. 

The Materials Science Department of Penn State has initiated 
a course for science teachers that attacks such practical problemti 
as analyzing the component materials used in an autoinobile and 
prescribing the most economical way of disposing of each material 
through recycling^ incineration* or biodegradation. 

Requirement (3) has been approached in four ways at Penn State. 
Some preparation prograi!^ require students to take a computer science 
course in FORTRAN prograiraning. Others learn how to employ digital 
computers for problems raised by the Materials Science course. A 
third approach used by the math education faculty is that of teach- 
ing BASIC language and having the aspiring teadiers develop programs 
which utilize the computer as a tool in solving problems currently 
used in existing science courses* 
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The fourth approach is one of familiarizing students with their 
most vigorous competitor » CM. Students may opt to take several 
courses on the IBM 1500 system which permits a saving or more flexible 
use of student time. Mobile vans now permit this CAI syston to he 
taken to outlying districts for inservice instruction. A tool that 
should he seriously considered for its potential in teaching induc- 
tive thinking and mathematical modeling is the APL language. 

Requirement (4) can he approached in a variety of ways. The 
Tilden» Kew Hampshire » Schools developed an environmental approach 
which is strong in its application to everyday living. That pro- 
gram is also being expanded hy the five-county KABE project^ Bluebell^ 
Pennsylvania^ and hy a summer workshop for new science teachers offered 
hy Penn State in cooperation with the Philipshurg-Osceola Schools. 

Wilson High School in Washington^ D.C. has a practical science 
course for non-academic students which shaild he considered hy other 
districts - 

Haquirement (5) is heing attacked at Penn State hy having students 
in the science methods courses meet prescribed competencies in their 
microteaching sessions. These students must also team teach an epi- 
sode which incorporates three different student activities and meets 
prescribed objectives and instructional mode requirements. 

Requirement (6) is now more nearly possible at Penn State than 
^ year ago. The special education department now offers a course 
in classroom diagnosis of student learning difficulties by CAI on 
the IBM 1500 system with audio and visual display capabilities. In 
1965^67 Oregon College at Monmouth piloted another approach to this 
task using a battery of 16 mm projectors » life size wall projection 
screen and class simulation. Generally^ classroom diagnostic and 
prescription techniques are unsophisticated. 

Requirement (7) can best be met by individualized approaches 
using either class activity approaches like ISCS or the modular 
approach like ISIS. 

Penn State if; beginning an assault on requirements (8) and (9) 
by assigning action research development projects for all master *s 
degree students in Science Education. Several of these have 
actually been implemented after students returned to their class- 
rooms. This sort of activity should be given more credence by NARST 
— possibly an Action Researdi Review in the Newsletter or the Journal . 

There are additional developments around the nation that appear 
to have potential. For instance^ a number of people are looking at 
psychological characteristics that are related to subject matter* 
Stafford (9) cites one kind of relationship that bears watching — 
the presence or absence of the father in the home affects student 
mathematical ability. (Assuming the stability of such a finding* 
what are the implications of marriage alternatives (ll) being pushed 
on the future manpower capabilities in quantitative reasoning?) 
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New sequences of eicperiences in teacher education must be em*^ 
ployed. Some of the requirements were identified in the various pro- 
jects funded under U.S. Office of Education Grants. More specifically 
directed to our concern^ Florida State has been modeling three dif- 
ferent science teacher training programs for the past several years. 

Field experience is one of the essentials. Surprisingly » early 
field experience as being tried at Penn State^ tends to promote in- 
terest in additional field experiences throughout the preparatory 
years (10). 

One trend in these alternative preparation programs is the de*- 
velopment of instructional modules* Modules are generally criterion- 
referenced instructional packages that do not demand the three-lecture- 
per-week format. Audiotutorial styles have been generated at Purdue 
and Cornell (7). Packa^^ed printed modules are being developed at 
the University of Toledo (8) . SIOTECH has expanded its base to wel- 
come all contributors (4). 

Competency^-based Instruction can be handled in several ways. 
One description used in New York includes experiential components (1). 
Another style is to require hand-in material that reflects the com- 
petency with a good bit of flexibility in the manner by which it was 
attained. This latter procedure was used in the conception of the 
competency-based methods course used at Penn State (2). Broader 
competency-based teacher education programs are being encouraged by 
the Pennsylvania Department of Education through workshops involving 
several hundred college faculty members. 

A variety of classroom observation tools have been tested by 
the Northwest Educational Research Laboratory (5) which can be com- 
bined with monitoring techniques used in conjunction with Computer 
Assisted Instruction and microteaching. Progress of students through 
conventional experiences can also be monitored by computer^ but more 
meaningfully recorded if they are competency-based modules as is 
being done by the Admiral Perry Vocational Technical School in 
£bensburg» Pennsylvania. 

Eecruitment being tried by University of Iowa combined with 
data about career decision factors and attempts at role descriptions 
(6) tend to suggest that many of the ingredients are at hand» but need 
to be put together. Large amounts of synthesis funds are not avail- 
able^ so cost-benefits analysis techniques should be employed to 
permit the buying of time" for further experimentation (3). 

A final suggestion seems worth noting: students entering teach^ 
ing are often not committed to the profession until after student 
teaching^ af ter^vhic|]tp large numbers drop out at least temporarily. 
If students could be charged with the responsibility of providing 
their own relevance^ their own early field experience and generating 
some of their own training to enhance their capabilities » those that 
accepted the challenge could provide the momentum necessary to pro- 
vide the level of competition necessary to make an impact nationally. 



The needs for the l970*s and l980*s are for science teacher 
preparation programs which turn out professionals vho are BOTH highly 
trained in the science enterprises MD highly skilled in the peda- 
gogical sciences. This kind of teacher can be produced if ve are 
serious about meeting today's challenge. 
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SECONDARY SCIENCE TEACHER EDUCATION: 

WHERE ARE WE GOING? 

James Joseph Gallagher 
Governors State University 
Forest Park South, Illinois 



Introduction 

**Where we are going" in secondary science teacher education^ 
to use Tyler's conceptualization (19) of the factors vhich influence 
any curriculumt depends upon the contbined effects of societal, dis- 
ciplinary, and learners' requirements. One of our important tasks 
as science educators is to examine how these factors h«ve influenced 
the education of secondary science teachers both past and present 
and try to make valid forecasts for the future of our profession. 

The complexity of forecasting is highlighted by the changes 
which have occurred in science education during the last half-^dozen 
years. In 1967, there was a crucial shortage of qualified secondary 
science teachers, and only the moat gloomy pessimist would have fore- 
cast oversupply; but within three years oversupply was a reality. 
Nor would it have been easy to forecast in 1967 » that in less than 
half a decade t our nation^s view of education as a powerful resource 
for solving many contemporary problems of society would have shifted 
to "giving up on education without really trying it" (6) . Events 
such as these dramatize the influence which society has on our work. 
Recent changes in our understanding of our students* needs and in-* 
creased understandings of the nature of knowledge and how it is 
engendered in learners also have impact on our future work. 

As science educators, we are triply hit by recent changes in 
attitudes toward education. Firsts our university budgets either 
have been reduced^ or projected increases have been retarded. Second* 
the demand for graduates of our programs Zq fill vacant teaching 
positions in high schools has all but disappeared. These facts are 
evident to all and need no documentation. Thirds the educational 
community as a whole, including science educators ^ has come under 
much criticism regarding the competence of graduates (9 tlltl5,l6) . 
As a consequence, accountability and its step-^child, performances- 
based education^ are contemporary issues of m^jor importance. Our 
current situation is neither bright^ nor hopeleat; but there is 
little reason to believe that it will improve significantly during 
the next few years. Thus^ the science education community must 
respond to these new realities, and the nature of our response will^ 
in many ways, be a major criterion for assessing the quality of our 
effort during much of the remainder of this decade and perhaps beyond. 

The purpose of this paper is to identify and describe some 
responses which secondary science teacher educators should make to 
contemporary and predicted situations. Some of the situations and 
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responses are derived from analyzing current educational literature 
and all are influenced by tny current work in a new» metropolitan- 
focused university. In spite of the fact that the situations and 
responses are highly interrelated » they will be discussed serially. 

Continuing Education for Teachers 

One form of our response should be to place greater emphasis 
on continuing^ or ln-servlce» education of teachers. This action 
can help in overcoming criticisms of low teacher competence^ without 
overburdening the Job market. 

If this action is to be successful^ we must do more than merely 
offer the same courses that h^e traditionally been given. A lesson 
from the history of science may have relevance. Scholars in natural 
philosophy began to make contributions of significance when they 
Joined forces with artisans and craftsmen in Identifying and resolving 
real» work-a-day problems. If we» as scholars in science education^ 
work with teacher-craftsmen we may be able to make advances on two 
fronts: 

1. With our help» teachers may be able to find ways 
of applying current knowledge of curriculum^ 
learnings motivation^ and instructional tech- 
nique in resolving practical problems of teaching 
science in high schools. 

2. With their help^ we may be able to design nev 
research » acquire new data» and reformulate our 
conceptualizations and theoretical structures 
making them more useful in helping teachers 
interpret data they receive from their students 
and plan appropriate actions* 

In addition to in-service programs designed to upgrade teachers^ 
knowledge of science and help them expand their effective repertoire 
of instructional techniques » in-service work should foster develop- 
ment of teachers* educational leadership capabilities. To do this 
in-service work should focus on: 

1. identifying and solving educational problems; 

2. increasing knowledge of» and skill in» curriculum 
planning and implementation; 

3. increasing knowledge of instructional materials 
developed by commercial and research groups; 

4. developing skill in tailoring coinnercially 
available instructional materials to local ond 
individual needs; 

5. developing attitudes and skills so that teachers 
use their own instruction as an object of inquiry; 
and 

6. developing ability to use principles and theoretical 
structures as tools for analyzing Instruction and 
planning improvementd . 
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CompetencV"baaed Programs 



Partly in response to criticisma of teachera' inef fectivenesat 
competency-baaed programs for education and certification of 
teachers have received imich attention during the paat five years 
(4^ 10^ 17, 18). Because certification is becoming increasingly 
contpetency-based (5) ^ it ia reasonable to expect increasing emphasis 
on competency-based teacher education programs. 

£lam (4) deacribed five essential elei&ents of competency-based 
teacher education: 

1. Teaching competencies should be role-^derived and 
specified in behavioral terms. 

2. Asaeasment criteria are competency-based » specify 
mastery levels^ and are made public. 

3. Assessment requires performance as prinve evidence 
and takes student knowledge into account. 

4. Any atudent's rate of progreas dependa upon demon- 
strated competency. 

5. The instructional program facilitatea development 
and evaluation of specific competenciea. 

E3camination of current examplea of competency ^based teacher edu- 
cation programs auggeata that we hove yet to achieve a high degree 
of conformity with Elam*s model. Considerable work needs to be done 
if this educational innovation is to be more than a passing fad. Making 
competency-based science teacher education viable ia one of the chal- 
lenges which our professional community faces. 

In addition, Broudy (2) and Howell (8) offer aome cautions re** 
garding competency-based teacher education. Broudy statea that va 
will probably be able to produce better "didactic technicians^" but 
we should recognize that laboratory woxki clinical teaching and in- 
ternship are needed to illuminate » exemplify » and utilize theory in 
order to produce a highly profesaional teacher. Howell warns that 
if teaching performance ia to be evaluated in det«11» some theory ol 
teaching is needed to guide the evaluation procesti. Further^ he 
states that if teaching performance is to be Judged on the basis of 
pupil learning, care muat be taken to eliibinate or account for sources 
of error in measuring pupil learning. 

Integration of Minorities 

If current trends continue lor the remainder of this decade^ and 
beyondt integration of minorities into formerly white^ middle-class 
achoola will be increasingly common. Science teachers will ahare in 
the reaponaibility of making Integration beneficial to atudents from 
hoth minority and majority aub-cultures and the acience education 
community must help science teachers acquire needed skilla and attitudea. 
The task ia Giulti<-dimenBional. Science teschera muat develop reapect 
for cultural diversity and acquire skilla of communicating and working 
effectively with students from various sub-^cultures. 
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Bexrelopment of these attitudes and skills is similar for all 
teachers* but science teachers imist recognize that they also have 
special problems not shared by other teachers* Traditionally » very 
few minority group students have enrolled in science in high school 
and even fever are found in college science courses* The reasons 
for this are complex» but the following may be contributory: 

1« Few minority group role models are available in 
the sciences and in science teaching* 

2* Idealistic young minority group ^students see the 
sciences as contributing little to their peoples* 
advancement; whereas* social sciences » the arts* 
and politics are perceived more favorably. 

3* Upwardly mobile young minority group students see 
the arts, politics » athletics » and the professions » 
but not science » as a means of achieving personal 
goals* 

4* For a variety of reasons* minority students frequently 
have not experienced success in science classes* 

As science educators* we must find ways of helping secondary science 
teachers help minority students acquire positive attitudes and useful 
skills relating to science* One way of doing this is to present sci- 
ence not as a "rhetoric of conclusions" but as a human endeavor which 
has had profound consequences on the quality of human life* Another 
way is to include^ as an integral part of science teaching, develop- 
ment of intellectual skills which will enhance the probability of 
students* success in science* More Important, development of science- 
based intellectual skills will provide minority students with another 
resource for more effectively coping with the technological environ- 
ment in which they live * 

Science as a Humanity 

The recently published Guidelines and Standards for the_Education 
of Secondaj::^ School Teadiers of Science and Mathematics (1) contains 
two major statements concerning sciences* humanistic relationships: 

Guideline II»Teacher education programs should provide 
teachers with knowledge and experience to illustrate the 
cultural significance of science » to relate science and 
technology to social conditions, and to apply analytical 
methods of science in multidisciplinary approaches to 
studying and solving societal problems* 

Guideline III — Teacher education programs should provide 
opportunities for prospective teachers to gain insight into 
the Intellectual and philosophical nature of science and 
mathematics * 

Similar suggestions can be found in the literature of science education 
of at least a generation ago (14)* In spite of the recurrence and 
reasonableness of such suggestions, and the prestige of those who 
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make them* few teacher education prograna provide effective vehicles 
for helping prospective or practicing teachera acquire knowledge of 
acience from other than ita technical perspective. In order to over-^ 
come this weakneaa^ action on aeveral fronta may be neceaaary: 

1- Coursea in history* philoaophy» and aociology 
of acience can be included in both pre-aervice 
and in-aervice programs. 

2. College science couraes can be broadened to 
include s:>cial and humaniatic perapectivea . A 
few good models already exiat and othera can be 
developed (7» 12). 

3- Humaniatic perapectives of acience can be included 
in science methods couraea. 

4- Prospective and practicing teachera can be given 
experiencea with programs such as Project Physics 
and The Man-Made World which preaent acience from 
a broad perapective. 

Eteasoning and Conceptualizing 

During recent months* I have been a participant-obaerver planning 
curricula with a large ntimber of teachers and aome adminlstratora in 
a variety of contexts. Although I have no ayatematic evidence at 
hand to aupport it^ the experience has led me to a atrong hunch that 
a aignificant portion of elementary and aecondary school people have 
difficulty in reasoning from principlea and abatractiona to actions » 
and in conceptualizing data and experience from real-life aituationa. 

As acience educatora^ we generally asaume that theae capabilitiea 
are acquired in early adolescence (13). Thua^ in preparing teachera» 
we generally do not attend to development of reasoning and conceptu- 
alizing skilla. Even though we assume adulta are capable of formal 
reaaoningt complex » multidimensional tasks auch aa curriculum planning 
are difficult to conceptualize and consequently » people may tend to 
revert to more primative reaaoning akills when engaged in them. Since 
aucceas and profeaaional growth in teaching depend » at leaat partly » 
on a teacher^a ability to reason from principlea to action and^ in 
turUt to conceptualize experience and learn from it^ development of 
reasoning and conceptualizing abilities may need more attention in 
teacher education programs than it haa received in the past. 

Regardless of the validity of the hunch stated above » experi- 
ence in conceptualizing and reasoning from principlea ia a skill 
that acience teachera ahould develop aa it ia a fundamental part of 
acientlfic proceasea and^ thus^ ahould be included In a aecondary 
teachera* preparation (Guideline IV) (1). This ia a broadly uaable 
akill and ahould be developed not only in relation to acienceSt but 
alao in relation to teaching. 
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Science Teacher Education at Governors State University 



The following description Is provided as an exainple of one In-^ 
stltutlon*s response to contemporary Issues of science education In 
a metropolitan area. 

In an effort to fonmilate a balanced program and respond to the 
several Issues specified above* the Science Teaching faculty at 
Governors State University Is developing and Implementing a competency- 
based » preservlce/lnservlce program for educating science teachers 
for elementaryi mlddlei and high schools. At present) program plans 
are being reviewed by the Bureau of Teacher Certification of the Office 
of the Superintendent of Public Instruction » State of Illinois. Leam^ 
Ing modules and self-Instructional packages are being developed to 
aid students In acquiring competencies which are continually under-^ 
going refinement. 

Competencies have been described In three broad areas— ^science 
content) professional education and Interdisciplinary studies (3). 
In general terms» It Is expected that graduates of our program should 
be able to: 

1. demonstrate knowledge of and ability to apply 
concepts of the envlronmentcl sciences Including 
blotlci abiotic I and Interactional concepts; 

2. describe and utilize Inquiry processes In genera- 
ting and applying knowledge; 

3. retrieve and Interpret Information acquired through 
Inquiries of others; 

4. describe the origins and evolution of scientific 
knowledge using concepts from the hlstoryi phllos-^ 
ophyi and sociology of science; 

5. utilize contemporary concepts of learning processes 

In diagnosing students* learning needs and In planning 

and Implementing Instruction; 
,6. describe and epply concepts of curriculum design 

Ip planning and organizing curriculum; 
7* demonstrate a broad repertoire of skills In 

teaching; 

8. use his (her) own Instruction as an object of Inquiry; 

9. utilize knowledge of soclali economlci ethnlci 
political* and religious principles In Interpreting 
actions of Individuals^ c^^ps» Institutions; 

10. demonstrate skill In working and communicating with 
Individuals from a diversity of cultural and Intellec- 
tual backgrounds; 

IX. describe major conceptualizations and processes In 
one or more fields of Inquiry or expression other 
than science; and 

12. formulate I verbalize^ and derive actions from a value 
set based on contemporary scientific and humanistic 
knowledge . 



16 



In addition to these general statements, siore precise, dentonstrable 
competency statements are being developed along with meana to aid 
students in acquiring them and procedures by which faculty can assess 
achievement. Development of competency*'based instruction is nn 
agreed-upon thrust for our whole University. Consequently » faculty 
mentbere have support in this task from a staff of instructional de- 
signers and encouragement from all levels of administration. More- 
over» we do not have Impediments to innovation often found in older 
universities. In spite of all of this» the task of developing and 
implementing a comprehensive competency*^based program is not easy. 
One reason lies in the fact that When several people engage Jointly 
in program development » non-verbalized, and often unrecognized » 
differences emerge in fundamental beliefs about the nature of know" 
ledge itself and how it is engendered. This tends to retard effec- 
tive action, largely because the persons Involved have difficulty 
in recognizing the need to employ an expedient in removing this 
block. Another reason is the difficulty in detailing competency-* 
statements » learning tasks» and achievement measures with the neces- 
sary specificity without falling into the trap of triviality. This 
is confounded by simultaneously engaging in the creative but dif- 
ficult task of using existing concepts of instruction^ learning, and 
curriculum to analyze and help resolve current problems of practicing 
classroom teachers as part of our commitment to in-service education. 

The challenge of developing a con^etency-based teacher education 
program causes us to look at the procesaes of educating secondary 
teachers both from a global and microscopic perspective. With 
several groups of science educators in different universities genera- 
ting competency -based programs, each attending to the many dimensions 
of the task» research and practice in science teaching will be 
revitalised. 
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SECONDARY SCHOOL SCIENCE TEACHER EDUCATION; 



WHCBE ABE UE GOING? 

Patricia E< Blosser 
The Ohio State University 
Coltnnbusi Ohio 



Introduction 

Secondary school science teacher education at The Ohio State 
University appears to be going in the direction of a program that 
is field-based and that involves early » continuous experience; a 
unification of courses in educational "foundations" and in science 
education; the use of cot&puter-assisted instruction to provide 
immediate feedback to students; and an emphasis on self-evaluation 
with the opportunity to self-select out of the program at various 
points. Our program attempts to combine the acquisition of educa~ 
tional theory with experiences in the classroom. Freservice 
secondary school science teachers participate in a five-quarter 
program during which they work at different grade levels (elementary » 
Junior high school » senior high school) and in different connunity 
settings (inner-'City and suburban). 

Background 

Ofteni in order to know where you are goings it is helpful to 
realize where you have been and/or where you started* A little 
background information seems to be in order to enable the other 
panel participants to view our present^ and proposed^ program in its 
proper perspective* 

Program modifications were begun^ in 1968^ in order to provide 
students with experience in inner-^city schools prior to student 
teaching. Many Job openings were in large city systemsi in inner- 
city assignments. OSU student teaching assignments in science had 
been made primarily in Columbus schools which more closely resembled 
suburban placements as well as in surrounding suburban school systems* 
In the hope that our graduates would be able to be successful in an 
inner-city placement in their first teaching position if they had 
worked in an urban school setting during^ or prior to^ student teach- 
ing or that they would be able to interview more wisely^ the Science 
(and Mathematics) Faculty began restructuring the practicum courses 
and student teaching* 

Eventually this restructuring extended from the senior year 
down into the Junior year^ resulting in the present program that 
spans five quarters: three in the Junior year and two in the senior* 
In our "old*' program^ students enrolled in a curriculum course 
(Education 435) which provides an introduction to teaching in general 
and teaching at the secondary school level in particular and in a 
course in educational psychology (Psychology 230) before they had 
any contact i^th the science education faculty. 
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In additiorii the students completed a requirement of the College 
of Education for which they observed in some school for one or two 
weeks in September before the OSU Autumn Quarter began. This 
"September Tield Experience" is very unstructured and students re- 
ceive no University supervision during this time. 

The initial meeting of preservice secondary school science 
teachers and OSU science education faculty was in a general methods 
course for science education majors. This course was followed by a 
special methods or practicum course and by student teaching, jn some 
instances I students enrolled in the practicum course concurrent with 
student teaching. Many students had little^ or nO| work in the pub- 
lic schools other than the September Field Experience before they 
began student teaching. Some found* in the last quarter of their 
senior year* that they had chosen to pursue a career for which they 
were unsuited or in which they were unhappy. 

Early> Continuous Experience 

Our present program has a single point of entry: Autumn Quarter 
of the junior year. (Some of the students in the junior program 
have accumulated enough credits^due to change in majors* to be 
classified as seniors but» for our purposes » they are considered as 
^^juniors.**) in the junior program^ students work in the schools 
two half-days a week^ for ten weeks » each quarter. (A five-quarter 
overview is appended to this paper. A more detailed description of 
each of the five quarters is included in the AETS-ERIC publication » 
**In Search of Promising Practices in Science Education. *0 Unless 
scheduling problems or personality conflicts dictate otherwise » the 
students remain together as a group under the supervision of the same 
faculty member for the junior program. 

This provides an opportunity for the students to get to know 
each otheri and at least one faculty memberi well — an objective 
that is often difficult to achieve in a student body as large as 
that of Ohio Staters. The faculty member has the opportunity to 
watch the students grow and develop insights into teaching as well 
as acquire skill in teaching. After the initial one-on-one tutorial 
situation in the Autunin Quarter of the junior program^ the students 
work in teams of two or three for the next three quarters and again 
work alone during student teaching. 

Students begini in the J-1 quarter » in a junior high school in 
a tutorial setting. In addition to tutoring^ students work in the 
science classes as teacher assistants. They may have an opportunity 
to teach a lesson for the total class » depending on their interests 
and those of the cooperating teacher. They observe in other subject 
areas and generally get acquainted with nhe functioning of the junior 
high school to which they have been assigned. 
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The following quarter » J-2» they teach science to elementary 
school children. Juniors work at all levels* K^6» and ohaerve age 
groups different from that to which they have been asaigned for 
teaching. In most instances* the students experience the most freedom* 
as well as responsibility* in their teaching for the five quarters 
^ile they are in the elementary school. This situation occurs he- 
cause most of the elementary teachers with whom we work concentrate 
on subject areas other than science in their claasrooms. 

In the J-3 quarter the students move to senior high schools t 
working in a class in their specific content area. During this 
quarter they work primarily on developing and gqiding laboratory 
activities . 

In the senior program* studenta spend a half-day in the schoola* 
five days a week for ten weeks in the S*l quarter. They work In an 
inner-city school for half of the quarter and in a more auburban 
assignment for the other half. Groups switch school assignments in 
the middle of the quarter* This procedure helps to minimizet to 
some extent* problems in placement and supervision. 

For student teaching or the S-2 quarter » the student nay choose 
a specific school or type of community setting in which he wishes to 
work. Student teaching involves a full day* five days a week for 
ten weeks. 

Unification of Theory and Reality 

In addition to the early and continuous experience in the 
schools* some modifications have been made In the curriculum and 
psychology courses* These courses are aervice coursea for the 
College of Education 3Xid are required for all preservlce secondary 
school teachers. Usually these courses are taught by doctoral stu- 
dents* many of whom are Just beginning their programs. 

The Faculty of Science and Mathematics Educ^fl^T) wan able to 
involve the Curriculum and Foundations Faculty and the Department 
of Psychology in a cooperative venture for our studenta* Special 
sections have been set aside for science (and mathematics) studenta^ 
and program modifications have been made in these sections. Large 
lecture sections in which information concerning educational theory 
was transmitted have been eliminated. Instead* students present 
problems they have encountered in their teaching or faculty members 
identify situations they hav^ observed and an effort is made to 
identify and relate relevant theory to these experiences. 

In the Junior program* attempts are made to relate achool 
experiences to content from Curriculum and Foundations (systems for 
observing classroom Interaction: verbal and nonverbal; group proc- 
esses* etc.) and from educational psychology (cognitive development* 
motivation* perceptual psychology^ etc.). In the S-1 quarter* 
educational philosophy and sociology are related to problema en*- 
countered when teaching science. 
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Our present program is composed of three phases during each of 
the four quarters that precede student teaching: school experience* 
on-campu8 activities* and seminars. Some of the seminars take place 
in the schools so that the cooperating teachers may participate and/ 
or observe. Additional seminars are held on campus in which indi- 
viduals from other faculties participate* to relate theory to 
practice. 

While the students are involved in working in the schools* their 
on-campus science education activities are focused on becoming more 
aware of science as a process of inquiry and also on the development 
of teaching skills such as questioning* lesson planning* etc. In 
order to es^hasize the process aspect of science* students work on 
individualized laboratory activities which they perform as pupils 
and then critique as future teachers. They gain experience in ana- 
lyz^ThZ laboratory activities relative to level of difficulty* the 
science processes involved* etc. and begin to build a personal port- 
folio of activities which they use during their teaching as under- 
graduates and which they can take with them for future use. 

Some of the laboratory activities have been written do that 
the students interact with a computer and receive immediate feedback 
concerning their progress. At present we have a functioning program 
relative to behavioral objectives. We are in the process of adapting 
some of the laboratory activities so they contain a computer**component. 
None of these have reached a trial stage yet. 

During the J-1 quarter* students are involved in some microteach*- 
ing activitie^j so that they have the experience of working with snsall 
groups and of evaluating their teaching style as it is recorded on 
video or audiotape before they begin small group teaching activities 
in the elementary school in J*-2. 

JPro&ram Modifications: Experimental and Otherwise 

The OSU science education program has been* and will continue 
to be* a flexible one in terms of activities and approaches. For 
example, the on-campus individualized laboratory component of the 
program was developed prior to the extensive involvement of juniors 
in the public schools. As our students have worked in the schools » 
the focus and emphasis of this part of the program has caused changes 
in the laboratory component. As faculty members move into* and out 
of* program responsibilities* changes occur because of the interests 
and expertise of the specific faculty member responsible for a par- 
ticular portion of the program. 

This year we are conducting our own course in educational psy- 
chology* on an experimental basis* The Juniors meet once a week for 
a two hour lecture-question session. Lectures are presented by 
faculty members from Curriculum* £>cience Education* Exceptional 
Children* Educational Development* and Special Services. These 
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Individuals contribute their expertise In motlvatlont behavior 
modlf Icatlont perceptual psychology and creativity^ and Interper- 
sonal relations t to cite a few areaa. The junlora ccmtract for a 
grade. The contract Involves weaving together the educational 
psychology topics and science lessons^ ratb&r than treating them 
as two separate entitles as In past quarters. ^ 

Another experimental program compcment scheduled Is being 
tried during this Spring Quaictei:. Known as either the S-3 quarter 
or the "capstone quarter^" It Involves only the earth science majors 
and some of the general science majors. These students » who are 
completing their student teaching during the Winter Quarter « are 
Involved In cotoblned stuify and research projects during S*3. Faculty 
In '^he Department of Geology and In the School of Natural Resources 
work with these students and with science education faculty members. 

Evaluation and Self^'Selectlon 

There are no objective tests In our program^ at present. In- 
steady students and faculty confer at scheduled Intervals during 
each quarter as well as whenever either student or faculty member 
thinks a conference is necessary. Our program encourages^ and de~ 
mandSf self-evaluation. 

Within the present format t students have the opportunity to 
view themselves as teadiers and to check their projections against 
work with pupils during their first quarter in the program rather 
than having to wait until student taachlng to discover that teach-^ 
Ing ls« or is not« for them. 

During the 1971*'72 academic year^ 50 Juniors began the science 
education program in the Autumn Quarter. Thlrty*flve remained in 
the Junior program the following June. Of the IS who chose to pur- 
sue ar^ther maJor« only one individual was counselled out: (after 
two quarters of work in the schools). The other 14 (some of whom 
the faculty thought were doing good Jobs) assessed their satisfactions 
and frustrations and decided to pursue other careers. At the end 
of Autumn Quarter^ 1972-^73^ eight of the SO Juniors left science 
education. 

The J-1 quarter is a time of worry and frustration for most of 
the Juniors. They have been conditioned^ during their public school 
and prior college educations t to accumulate large amounts of factual 
Itcformatlon and retrieve it for written tests. In our program^ they 
are expected to engage in self-evaluation « to be assessed (self and 
other) on the basis of their teaching performance « and to learn to 
identify and use inquiry teaching techniques. For most Juniors » 
tutoring means telling. There is much cognitive dissonance as the 
Juniors struggle to formulate an inquiry style of tutoring and to 
accept the idea that their pupils should be encouraged to become in- 
dependent learners actively engaged in doing science rather than 
passive recipients of much of the scientific information that the 
college Junior has managed to acctmiulate. 
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Some of the people who leave our program find they relate less 
to their students than to the content they teach. Many of these 
decide to pursue science majors and aim for graduate work In science* 
Some find they do not feel comfortable In the role of teacher* They 
may have problems with discipline or motivation or both* Others 
have been so successful In traditional science programs that attempt- 
ing to use Inquiry as a teaching technique l8» from their point of 
vlev» unreasonable and impossible and not worth the effort* 

Those who like» and remain ln» the program graduate as more 
poised » experienced » and capable individuals than were the majority 
of our former graduates when they con^leted student teaching* The 
products o£ our present program should be more effective teachers » 
in their first Jobs» in terms of helping students learn* They 
should » we hope» retoain in teaching longer and should be more able 
to be successful in urban assignments* 

Research Related to our Program 

A number of research studies related to our program have been 
completed in the last few years. Four doctoral diaaertations In 
science education (3» 4» S» 10) and two in mathematics education 
(7» 8) have focused on the program per se * An additional disserts^ 
tlon» recently completed by Lucy» Involved an evaluation of the on- 
campus laboratory component of the program as that component existed 
prior to 1970. Complete citations o£ theae studies are given at 
the end of this paper. 

In addltiovi^ two research studies focusing on the developownt 
of questioning skills have been completed (1» 2) and a third study 
is in progress. 

A doctoral student (6) has formulated a dlasertatlon in which 
she investigated the philosophy and objectives of our preaent pro^ 
gram and in some way related this to Involvement with cooperating 
teachers . 

There is much that could be» or needs to be» done in terms of 
program development and research related to our undergraduate pro- 
gram as a whole or to various aspects of it* Program modifications 
will have to be made» if restricted funds dictate decreased Involve* 
ment in the schools '^ In addition » the program conponents (on^ 
campus » seminar » and school experience) need to be reviewed and 
revlaed so that articulation of these parts is a definite » recurring 
process* Emphasis on science process skills and on development of 
teaching techniques needs to be woven in a spiral pattern into each 
of the five quarters of the program* 
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Sumary 



The secondary school sdeace teacher educatloo progm at The 
Ohio State Iftilverslty will probably contlaue in the general direc- 
tion it has taken in the past several yaars* unless the financial 
situation at the Dniversity and within the College of Education 
dictates otherwise. That direction i« identified by five quarters 
c£ work in the public schools* at all educational levels (elementaty 
and secondary). This school experience la closely supervised by 
aenior faculty aeabers aikd sobs graduate students. Preservice 
secondary school sconce teachers are encouraged to view theuelves 
as teachers whose prlisary function is to help their pupils l«am 
to use the processes of science as they investigate and inquire 
and attenpt to becoae independent learners. The preservice teachers 
ar« expected to acquire insights into the teaching-learning process 
as well as skills in scientific inquiry and in teaching atrategies. 
They are also expected to evalijate themselves as they progress through 
the five-quarter program and to assess their effectiveness as m 
teacher in various socio-econoolc settings and at different grade 
levels . 
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SEOIIIDART SCIENCE TEACHER EDUCATION: 

WHERE WE ABE GOING AT THE UMIVERSITT OF IOWA 

Itobert E* Y«ger 
University of iwa 
leva Clty« loira 



*In Sept«id>er of 1970 a grant was warded by the National 
Science Foundation to the Science Education Center at the Univer- 
sity of Iowa for the developvent of pre*servlce prograBS for taacbers 
of secondary school science* .The program vaa called lowa-^UPSTEP 
(Undergraduate Pre-aervlce Teacher Education ProgrM) . The ratlimale 
for this program and a report of Its progress Is a response to **Uhere 
Ve Are Going" at the University of iwa* This also represmts our 
analysis of the problems of teacher education for the eighties and 
our plans for meeting these challenges* 

Iova*UPSTEP was conceived with the Idea that a new kind of 
science teacher Is needed* Too many persons in the Teacher Educa* 
tlon Program at the University of Iowa were pereons who aspired 
first for medlclne« engineering, or some other related vocation* 
The staff at Iowa was concerned that too few secondary teachers 
actively recruit some of their best students for their own profes- 
sion* Instead teachers are more concerned and Intereated In re- 
cruitment for medlclne« engineering, and similar professions. 

An Important part of lowa-UPSTEP la recruitment In the high 
schools of Iowa (and the Midwest generally). Secondary Student 
Training Programs (SSTP) are available for several hundred aopho- 
mora and Junior hlgfti school students for a six week period during 
the suBOier. Ultimately most of the UPSTEF particlpanU will have 
bean Involved with us first as participants In one of our lowa^ 
SSTP Programs prior to selection* Iowa*UPSTEP participants and all 
SSTP students are outstanding high school atudenta — fully capable 
of making any vocational choice* Thirty students are Identified 
as UFSTEP students prior to enrollment as freahmen students at 
the University each fall. They are visited In their high schools. 
Hopefully^ all will have been on the campus for a full summer prior 
to enrollment as full-time freshmen students as SSTP participants. 
If they were not SSTP students* they are invited to spenA several 
days on the caaapus following high school graduation and prior to 
enrollment as freshmen In the fall. As UPSTEP participants, the 
students are treated aa menbers of an Honors group for Indeed they 
are Honors students* 

The first phase of the lowa^UPSTEP program provides an oppor- 
tunity for the participants to meet and Interact with some of the 
most prominent scientists at the University of Iowa. Ueekly 
seminars are conducted which add to the student experience with 
various areas of science and various scientists* Such Interaction. 
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with p«r«ms ncogalzed w leaders In their fields » le & ualque 
enperienc* for freshsen studentf, at the Ihilverelty* The love-UPSTEP 
pertldpante ere Invited to vls^^t reuercfa liiboretorlee » pertlclpete 
In field excursions » and conduct Individual Investlgstloos In the 
several areas of sdeoce* 

Ihs second phase of year one of the lowaHIPSTEP progrsm empha- 
sises pr^lMs In comnlcatlng science and an analysis of the 
cowmn lcatlve proceas Itself* The Ioirs*1)PSTEP staff believes thst 
one of ths Bost Important sspects of science teaching la to be lible 
to caswnlcatc effectively* Therefore^ ooMtnlcstloo becoMs the 
logical aree for Inweetlgatlofi for etudents who are conslderliig 
science teaching as e career* Potential science teecfaers ebould be 
aware of the aethods and aodee of cosMunicatlofi that are available* 
A series of weekly sealnars dewnstrats that different ttethoiSs are 
required to coannlcate with different people at various stagas of 
^yslcal and Mntal developaant* The prolan of commlcatlon In 
science In *\)ur Changing Society^ ends phase two of the freshman yeer* 

During phese one of the eecond yasr of lows-^UPSTEP^ the sopho- 
more etudente are Involved In role playlng» simulations^ and micro* 
teaching axperlencee Involving their paere* Additional Inquiry 
teaching techniques which Incite the use of audio-visual materials 
are emfiAieslzsd* Ttsschsr behavior In the classroom la coded by 
utlllelng the Interaction analysle Instrument developed by Amldon 
and Flanders* 

Throu^out the second phase of ths sscond yesr» ths sophomore 
students are participating ectlvely In early exploretory experiences 
In public ecboole of love City* The purpose of this eerly explore** 
tory experience le twofold} flreti to provide the opportunity to 
observe end pertlclpete In the dutlee and reeponslbllltlss of teach- 
ing In order that a rational decision can bs msde concerning the 
eultiiblllty of teechlng as s csreer; and second i to provide the 
student with flret^iand experience to insure paxlmum gain from ad- 
vanced » profeeslonal education course work throu^ the Interaction 
and communication with the cooperetlng teachers* 

The program goals and experiences for the early classroom ex- 
perience are as follows} 

Develop Insights and skills Involved In estab- 
lishing empathetlc relations with school age 
chllxlxen and youth* 

Come to reepect and understand each child as a 
unique person* 

Gain infonnatlon about chsrscterlstlcs* Interests i 
needs V and developmental processes of children 
and youth through observation of their beh^ftvlor 
In a variety of settings* 

Gain Insights and appreciation of the social Inter^ 
actions » value ays terns » environments* and concerns 
of puplla* 
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ERJC 



1. 

2. 
3. 

4. 



5. Gain knowledge o£ the voy pupils think and 
learn. 

6. Assess potentialities and interests in teach- 
ing as a prospective occupation. 

7. Secure firsthand experience and knowledge of 
the organizational structure and inter-personal 
relationships of the professional staff of 
public school systems. 

8. Gain knowledge and some experiences with instruc- 
tional processes and media in schools. 

9* Develop an appreciation of the inter-relatianships 
and Joint responsihilities of teachers and paicents 
in guiding the educational growth of children. 

10. Participate in^ and become familiar with^ pro-^ 
fessional inter-relationships » activities » and 
organizations of teachers. 

11. Participate in some types of conEaunity-school 
organizations and activities. 



Several types of early experiences are available. These are: 



1. Observing classroom instruction and procedures. 

2. Aiding the classroom teacher with routine 
clerical and administrative experiences. 

3. Assisting in working with individual pupils 
and small groups in learning situations. 

4. Assisting in selecting and preparing learn- 
ing materials. 

5. Assisting in diagnosing learning problems for 
individual pttpils. 

6. Assisting in supervision of play activities and 
some extra-curricular activities. 

7. Involvement in parental conferences. 



In addition* bimonthly seminars are held where the Iowa*UFSTEP 
staff and participants discuss various aspects of the early experi- 
ences. Because the early exploratory experience is an experimental 
program prior to student teaching^ several group discussions are 
conducted in which students* cooperating teachers* and the Iowa- 
UFSTEP staff collectively evaluate the program. 

At the beginning of the Junior year* the lowa-UPSTEP partici- 
pant is encouraged to apply formally for the teacher educ^ation 
program at the University. At this point* lowa-UPSTEP participants 
follow the usual sequence of professional courses~al though all of 
these are specially structured because of the new student needs 
stimulated by the lowa-UFSTEP program. 

Special new courses have been developed for the Junior-senior 
lowa^UFSTEP participants. These courses are available £or all U?STEP 
students — those committed to a teacher education program* those still 
undecided about their vocations* and those planning to enter otlter 
professions. We find that lowa-UPSTEF continues to be a viable 
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experience for students with a variety of career goals. In addition* 
persons not identified previously as UPSTEP participants are invited 
into the group as science teaching majors. Special courses for the 
Junior year include: 

1* One in the student^s major field to explore the 
rationale underlying the organization and pre- 
sentation of introductory courses. 

2. Meaning of Science which considers the elementary 
philosophy and logic that characterize science* 

3* Multimedia Instructional Techniques which provide 
the students with opportunities to develop and 
utJlize multi^media* 

4< History of Science which examines the major steps 
in the development of twentieth century science. 

5. Mew concepts for secondary schools including com- 
puter assisted instruction* learning modules » 
programmed sequences* open classroom* differential 
staffing* and new curriculum structures. 

Ancthor unique experience of the lowa-UPSTEP program is the 
summer institute where lowa-UPSTEP students interact with experi^ 
enced high school teachers and graduate students in science education. 
The summer experience is designed to provide assistance in the prepara- 
tion of specific teaching materials in each of the m^or disciplines. 
The experienced teachers are the cooperating teachers the following 
aca<Iemic year for the student teaching experiences. The graduate 
students are concerned with evaluation and assist with research de- 
signs created to evaluate new curriculum materials* new course organ- 
ization and sequences* and new teaching styles* 

During the senior year* the lowa-UPSTEP participants follow a 
program similar to the present professional semester at the Univer- 
sity of Iowa. Because of the background which .the Icwa-UPSTEP students 
bring to the professional semester* all of the discussions and activ- 
ities have more meaning and can be dealt with in greater depth. The 
total pxugram has operated closer to classrooms and teachers. In- 
deed* one of the m^or developments is a cooperative program involving 
men of science* teacher educators* in-service teachers* and real 
schools as learning laboratories. 

The major effort of the last undergraduate semester is an 
original research project initiated and supervised in the major 
science area. Here the UPSTEP students learn what science is 
through a direct experience. They also gain new experience in com- 
munication and in working with people. 

The lowa-UPSTEP students who accept teaching assignments in 
cooperating midwestem high schools are involved in a three week 
summer conference following graduation and prior to the cominence- 
ment of teaching duties. The conference involves former participants 
in NSF in-service programs* directors^ and Instructors of similar 
programs as well as several regular teachers who will be co-teachers 
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the following year with the lowa-UPSTEP graduates. The faculty of 
the Xowa-UPSTEP program at the Science Education Center does not 
want to send the Xowa-UPSTEP students to their first teaching assign- 
ment without knowing the school, personnel, curriculum, and many of 
the students. We feel this conference can help complete the cycle as 
we strive for a cooperative approach to teacher education. 

Xowa-UPSTEP, with an Initial focus on recruitment. Is evolving 
Into a program of societal awareness concerning problems. Issues^ 
and objectives of science and teaching. It Is proving to have an 
in^ortant general education function within the University and also 
an important community focus statewide. Students In the XJFSTEP pro-* 
gram have been Identified as having the capacity to become leaders 
In scientific fields. Those who decide to continue In science have 
had the opportunity to become Intimately familiar ^th the many 
problems of public education In our free society. They have con- 
tributed through their presence In classrooms to making that educa- 
tion more meaningful. They have also had the opportunity to develop 
communication and teaching skills, and they are all familiar with 
modem concepts In activity-centered teaching. 

The University of Iowa Teacher Education Program Is strengthened 
by the Involvement of UPSTEP students and other University and com- 
munity leaders brought in as part of the UPSTEP program. Currently 
discussions are being held with representatives from the other tventy- 
eight colleges in Iowa with teacher education programs. One outcome 
of these discussions is a plan to establish cooperative centers in 
Iowa where in-service work with teachers t interaction among staff 
members from a variety of colleges^ and a semester- long internship 
for student teachers from several colleges can be Implemented. Iowa- 
XJFSTEP can then be a model for statewide improvement of teacher 
education . 

We are striving for greater communication with ourselves as a 
stafft with our students, with teachers and administrators in the 
schools of Xowat with other teacher educators. We operate from the 
premise that we are all limited by our past experiences and that we 
can only grow by trying the new and gaining insight from others. 
We certainly can not raise our sights and itoprove our society (and 
our schools as a microcosm of that society) if we are Isolated from 
one another and if we are satisfied with the status quo. 
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SECONDARY SCIENCE TEACHER PREPARATION 



Burton E, Voss 
University of Michigan 
Ann Arbor » Michigan 



Preaent Program 

Students enter the undergraduate science teaching certificate 
program the beglrnilng of their Junior year. They are assigned to 
an Education School advlsor» or If they prefer to remain In the 
College of Literature* Science and Arts* they are advised by a mem- 
ber of that faculty. About half of the science teaching candidates 
remain In the College of L. S. and A. The student must have at 
least a *'C" average to enter the program and must satisfy the School 
of Education that %e or she possesses attributes which are necessary 
or desirable for teaching/' 

A recent development In the School of Education Is that Program 
Directors will he named for secondary education fields such as scl** 
ence» mathematlca» etc. The Program Director will serve as the 
team leader to work with persons from educational psychology* social 
foundations I methods and directed teaching placement to coordinate 
the entire undergraduate certificate program. Thus» a student de-> 
siring a teaching certificate In science will report to the Program 
Director In that area and receive counseling toward that goal. 

Major Fields 

Students can select majors In biology* cheTalstry» physics* 
earth science* general science* physical science and environmental 
education. A group major consists of thlrty-slx semester hours of 
credit and a single field requires thirty semester hours. Minors 
are also offered In each field mentioned. Biology majors still out- 
number all of the other fields by a two to one margin. The most 
common minor is general science since the majority of placement 
openings are in this field. 

All majors and minors are worked out in cooperation with the 
science departments in the University. 

General Requirements 

Each student selects a major and a minor. These credits* plus 
approximately forty credits in general education (social sciences* 
languages* literature » humanities » etc,)» plus twenty credits in 
education make up a total of 124 credits needed for graduation. 
This package can be completed in eight semesters and seems to be 
the general plan the School of Education will follow. There is no 
move toward a five year internship type of program, A student with 
a B,A, who has a B average can take a combined Master^s degree and 
teaching certificate programi but few students have opted it. 
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Professional Education 



Education courses required for the teaching certificate are be- 
coming field based and performance oriented. Students are required 
to take educational psychology (3 credits); a course In the history 
of education* or philosophy of education* or educational sociology 
(2 credits); a special methods course In the teaching of science 
(3 credits); a practlcum with the methods course (2 credits); directed 
teaching (8 credits); and a seminar with directed teaching (2 credits). 

Opportunities to select unusual programs at Mchlgan are quite 
good. Presently a student can select a program sequence with an em^ 
phasls on urban education* which would require a year of Internship 
In Detroit; a semester abroad In which methods and directed teaching 
can be taken In Sheffield* England; a professional term In science 
teaching* or the regular half day directed teaching program. 

New Directions 

The Professional Term In Science Teaching 

Prior to the Fall Term of 1971* science students were assigned 
to a half day of directed teaching and were supervised by a "gen- 
erallst'* In education. The methods course was a prerequisite to 
directed teaching. During the Pall Term of 1971* the Professional 
Term In Science Teaching was Initiated. Science methods (3 credits)* 
directed teaching (10 credits)* and the seminar (2 credits) associ- 
ated with directed teaching are offered In a fifteen credit package. 
The objectives of the program are: 

1. To relate the methods of Instruction In science 
more closely to the directed teaching experience. 
A University science education supervisor works 
closely with the student teacher Insuring Instant 
feedback on performance. The University methods 
Instructor also makes visits to the student teach- 
ing site for direct observation of stxident per- 
formance . 

2. To provide a situation whereby the student teacher 
can obtain a full day directed teaching performance. 

3. To Include secondary science teachers more directly 
In the development of teacher education programs 

In science. 

4. To use secondary science teachers and university 
science educators to develop criteria for a com- 
petency based program In the preparation of 
secondary science teachers. 

5. To develop a science teacher who has knowledge 
of the tasks one must perform In the classroom 
and who can demonstrate them effectively. 
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In order to meet these objectives » the program follows this 
plaa. The student is assigned to a science teacher in an Ann Arbor 
Junior or senior high school for the semester. Di^ring the first 
half of the seukeater* the student teacher takes Instruction in 
methods at the University at least four hours per week. The remainder 
of the time the student is expected to follow his or her supervising 
teacher *s full day schedule in the public school. A separate student 
teaching seminar is held» usually Thursdays from 4:00 ^ 6:00 p.m. 

During the first two weeks* the student teacher is an assistant 
to the teacher in many ways; he grades papers* takes attendance* 
learns the names of the students* assists with laboratory and demon- 
strations* visits other classes and other schools* and* in general* 
learns the philosophy of the school. After the first two weeks of 
the semester* the student begins teaching one period per day* and 
after the first eight weeks* the student adds to his teaching load 
to the point where at times the student is teaching all the classes 
of the supervising teacher. 

The Professional Term program has provided a much more flexible 
schedule for working with students. The students become more committed 
to the total school program* they have the freedom to visit other 
schools* and they can attend professional meetings with the science 
education faculty. In addition* the students have more careful 
supervision from a science specialist and above all in their evalua- 
tions* the students feel someone in a large university ^'cares*' for 
them. 

Multi- cultural Preparation 

The University School of Education has provided five one half 
day sessions in multi-cultural ittethoda and materials for student 
teachers at the beginning of each semester. After this year* in- 
dividual instructors will integrate these methods into their regular 
courses . 

Performance Based Programs 

There is a Task Force on Innovative Education which la develop- 
ing performance based objectives for teacher certification. In 
science teacher preparation we are developing objectives in both 
methods of teaching and the techniques and lab skills within the 
subject field the person is preparing to teach. The research we 
are conducting in teacher classroom behavior la guiding the methods 
performance behavior (2). The model that is used is interaction 
analysis^ inquiry teaching behaviors* psychology of learning con-^ 
tributions from Bruner* Gagnl* Piaget^ Ausubel* and newer concepts 
of humannesa in education. The teaching of values and attitudes is 
also receiving much more emphasis. 

The skills and techniques competencies have been developed for 
subject fields in biology^ chemistry* physics* and earth science. 
The biology area is the best developed one at present (l). 
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Computer Simulation 



A project in computer simulation of teaching is well under way 
this semester. "Teach II" combines the results of teacher question* 
naires» random nuinbers» and an interactive computer model in an 
attempt to simulate the influence of teaching strategies on student 
achievement) attitude and study skills. The results of student 
teacher performance on the program have denKmstrated a bright future 
for the con^uter in teacher education. 

Summary 

The major effort at Michigan has been oriented to Integration 
of the education courses » studying the kind of teacher we would like 
to produce and attempting to match this "model teacher" with teacher 
behaviors* applying a more personalized approach to teacher education 
and simulation. One of the concerns ve are planning for» but have 
no concrete plans at present* is the program of courses for the 
preparation of unified science teachers and multidisciplinary science 
teachers . 
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SCIENCE TEACHER EDUCATION: 



WHEKE I THINK UE ABE GOING 

Harold M. Anderaon 
t University of Colorado 

\ Boulder » Colorado 

In past years few teachers have expressed approval of their 
teacher preparation experience. Almoat every major institution has 
conducted follow-up studies with feedback evaluation of their 
teacher education program. Almost invariably the results were 
critical if not condemnatory. The methods course in specific sub* 
Ject matter areas usually fared better than the teacher education 
program as a whole» but certainly never escaped xmscathed. 

My Experience 

During the last year I worked with eight prospective science 
teachers in a new program initiated at the University of Colorado. 
It was exploratory in the sense that we operated a modular^ fields 
experience centered program intended to be more relevant to the 
needs of prospective teachers. The program was hastily conceived 
and initiated without having all the materials needed for a good 
program^ but the feedback obtained from students and cooperating 
faculty has been positive^ at least so much so that we are obligated 
to continue this operation. And» it is very doubtful that vfB will 
ever return to the old college class *cente red program that was 
separated from the student-teaching experience. 

Very briefly^ our teacher program spent as much time in public 
schools as on campus, ^plicants were screened by inyself and public 
school teachers. We had a picnic for cooperating teachers^ prospec- 
tive teachers and inyself after which we tried to develop a feeling 
of trust and a sense of direction. The prospective teachers spent 
the first two weeks of the fall semester helping open school as 
general flunkies. The remainder of the semester they spent one- 
half time as instructional assistants (IA*s) in school and one-half 
time studying modules in the professional education program. After 
the Christmas break the IA*s became student teachers at the same 
school. The shift from lA to student teacher was gradual. I served 
as a ^stream leader'* and tried to spend ten hours per week with the 
prospective teacher but other duties reduced this to about seven' 
hours. After April 1» these student teachers will shift to an al- 
ternate experience that may involve teaching at another levels in 
a very different community or even in a non-public school situation. 

Viewpoints Based On My Experiences 

Where are we going in Secondary Science Education? As a pro- 
fessor I*d like the assurance of knovingt but I don't. At the same 
time I find a feeling of adventure and excitement in the ambiguity 
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that exlsta. I suspect thst if other onibers of this grot^ were 
certain, the question wouldii*t be ssked. 

There are two reasons vhy the question could he asked that are 
apparent to lae. One Is that we need a consensus and a sharing of 
ideas. The other may he tt\at some things are going badly and ve'd 
better change. 

To me personally, I know directions In which I hope our program 
will go» yet I look for it to he evolutionary and change as time 
passes. Research, evaluation* and philosophy are all likely to help 
us to determine better directions. 

The following viewpoints are thoughts based primarily on infor* 
mal evaluations of a program in Its first year. They are not so 
fixed that they will not be changed. I certainly appreciate the 
opportunity to learn from others In this group. 

Administrators of currlcular programs and teacher Institutions 
havA tended to endorse some particular form of teaching activity 
or strategy despite limited research evidence of Its superiority In 
auginentlng learning* There has been au emphasis on **best method" and 
atten^ts have been made to drastically change teaching behavior. Most 
of these efforts have met with at least partial failure. Teachers 
tend to develop their own teaching behavior, although they may modify 
in terms of observed or advocated teaching. It Is true that certain 
skills can be taught In a training situation but a permanent change 
occurs only If the teacher Is convinced that teaching Is improved by 
the change^* Our task In teacher education then becomeo one of pro** 
vldlng situations where the preservlce teacher expands his concept 
of good teaching. 

Until we have more reliable knowledge of the effects of teach- 
ing strategies and actions* those of us whose major activity is pre- 
servlce preparation of teachers may do well to turn our efforts to 
expanding the prospective teachers' repertoire of strategies and 
activities. 

Each person is bom with certain talents and has undergone a 
series of experiences of his own that have made him different from 
his fellows. Prospective teachers* as well as the pupils they will 
teach, are unique. Only during the last fifty years have we talked 
much about this and only during the last few years have schools 
started to do much about it. Schools still operate, for convenience 
sake, by teaching classifications of students who have some conmon 
characteristics. But If we can adapt our teaching to the uniqueness 
of the individual we may enhance both learning and the motivation 
to learn. Therefore, as teacher educators we need to provide dif- 
ferent experiences and activities for each unique Individual, offer- 
ing a nuniber of options In our programs which will be selected after 
assessing his qualities. 
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tfe alBo need to rettcsiber that there are many other places vfaera 
people leaxn besides the school. In fact. If our education had 
etopped when we covplatad school^ mst of us would be Ignorant. A 
w>dem student learns a great deal from the various conunlcatlons 
vedla and fron his fellow students. The school perhaps has some 
responsibility to help the student acquire akllls which will enable 
hln to be succctssful In many different learning situations. It Is 
for thla reason that t would recooBBand ^ry strongly that In our 
preparation of teachers we encourage teachers to have a variety of 
activities including teacher*led presentations, teacher^upil inter* 
action, and eapedally the development of pupil-to*pupil int«racti<m. 
There also needs to be a lot of opportunity for a student to search 
for materials and to educate himself. We are lllcely to encourage 
this kind of teaching and thus provide the incentives to students to 
learn by themselves only if we offer prospective teachers an oppor** 
tunity to experience this themselves. 

The successful teacher needs to be a leader or showman and thus 
capture the imagination and cooperation of pupils. Tet activities 
must be Justified as being educational rather than Just entertaining. 
The teacher *s acticm ahould lead pupils to work by thouelves. 

During this year I have tried to show my prospective teachers 
some exsnples of creative work suggesting that they come up with 
ideas of their ows^. The response has been gratifying to our coopera- 
ting public school teachers as well as to me. 

The college supervisor should work in conjunction with teachers 
in giving opportunities for a number of varied activities. The 
activities should be specified as to type* but suggestions for de<- 
veloping them can very well be left to the creativity of the student. 
As an example of creativity I report the following actions of my 
students and a helpful cooperating tescher during a unit on evolution. 

One of the lA's dressed up and made a presentation as a rein* 
camated Darwin. They presented a re-^actment of "Inherit the Wind" 
with the pxiblic school pupils participating as Jurors and in other 
minor roles. They brought in the film "Voyage to the Enchanted 
Isles" and discussed some of the Implications with the pupils. At 
one time educators would have shuddered because this film vas be<- 
lleved to be beyond the capabilities of the Junior high school student*. 
Yet» students today view television and are intrigued by films of this 
kind. Shall we avoid reality? Our lA*s pulled it off without undue 
problems. 

A representative of a fundamentalist religious group presented 
the creation view and the lA's showed commendable restraint during 
the presentation. While the students have had this type of experi- 
ence they were given the opportunity to complete a module which re* 
quired the student to read a number of short articles that dealt with 
the evolution-creation teaching controversy in California. 




In general, the nodule should provide a basis for understanding 
hov to handle controversial issues. I hope this provides an illus~ 
tratioQ of hov we can interrelate university work with in-achool 
experience . 

It is beneficial for prospective teachers to gain experience 
in working with small groups by dividing a cooperating teacher *s 
class into smaller sections, carrying on individualised experiments, 
or conducting small discussion groups. Our prospective teaeher can 
become part of a group and interact with them, serve as a ^mall 
group leader or simply be an observer. One has to be careful so 
that the prospective teacher does not becoM a lecturer to a very 
small class. Another activity lA's may carry on is tutoring in- 
dividual sttidents. I found cooperating teachers vere pleased to 
have the student who is a trouble maker or ^o learns extremely 
slowly, taken aside for individual help. This activity is of mutual 
benefit to student and the prospective teacher. The student gets 
individual attention and some degree of personal hel|>. The instruc-^ 
tional Assistant gains some insight to the behavior of the individual 
pupil and may appreciate hov this particular pupil differs from the 
rest of the group with whom he has been associated. 

Man;* others in class activities serve to broaden the perspective 
of the prospective teacher, and yet have him be useful to the class. 
If he helps in many classrooms with different teachers, he observes 
the differences in teaching and the differences in classes as well 
as the reactions of the groups to the differences in teaching. These 
observations can then be used as a basis for discussion of strategy, 
teaching mannerisms, and personal planning. Coupled with some appro-' 
priate reading, these experiences develop some questions and thoughts 
that never really penetrated the consciousness of college students 
under our old system. It is exhilarating when pupils raise questions 
about the effectiveness of laboratories, classroom explanations, 
simulation games, inquiry sessions, or the effectiveness of certain 
disciplinary techniques. At the same time as a university professor 
I am huiobled by the fact that I do not have answers to many questions. 
Even worse~I fear I never willl But the next generation probably 
will produce much more knowledge and maybe take those revolutionary 
changes which mark the progress of science — and the other fields 
that revise their model. 

One major problem for many members of the human race is to 
develop the ability to interact honestly and openly with other human 
beings. Many of our past experiences have taught us that there is a 
hierarchy and that we must be certain to maintain our statue in this 
particular kind of society. We often have failed to recognise psy- 
chologically the reaction of people to people is very much colored 
by this hierarchical system. Hudi talk has centered on the impor*- 
tance of helping teachers develop an awareness and sensitivity to 
the feelings and needs of pupils. Perhaps the most effective way 
of teaching is by example. What would happen if those of us who 
are responsible in teacher education were to shed our titles and our 
posture of authority, can we be friendly and very openly and frankly 
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discuss probleos with our prospective teschsr? In the put there 
was very little trust and confidence In the relationship between 
student teacher t university supervisor > sad public school teacher* 
Yet» we mist develop s feeling of professional unity and an under- 
standing that ths responsibility of developing s student teacher to 
his potentlsl is something we will schleve best If we work coopera- 
tively* This «ust not be taken to mean blanlcet approval for all who 
seek certlflcstlon. If we can frankly help the aspirant see his 
shortcomings snd show what Is required » he likely will withdraw to 
other endeavors* If he refuses sfter s time of probstlon and in- 
dividual help) we iBust protect Americans children by refusing to 
work further with him. 

During the last several years there has been s strong movement 
towards making teschers sccountable for the lesmlng of their students* 
As science educstors» we sre likely to be held sccountsble for the 
prepsrstlon of future science teschers* Some people are frightened 
by the prospect while others look upon this as an opportunity to Im- 
prove the quality of our product* Certainly the accountability move- 
ment is one thst commands our sttentlon* Its good or 111 iney depend 
in pert on sctloos thst we take* 

I see s very real danger if sccountablllty becomes so simplified 
thst sll en^hasis is plsced on the product* Especially would I fesr 
thst situstlont if sccountablllty wsre reduced to examining only 
certain competencies* I hsve no quarrel with maintaining thst our 
program teaches certain ooiiq>stenicles* I object if all competencies 
must be sttslned by all teschers* I see in our society very diver- 
sified performance) even by our teschers of science. Vsry slgnlflcsnt 
differences exist In the direction In which individual teschers wish 
to go* I dresd s superficial list of competencies of which we would 
ssy "^this is the minimum basis for certlficstlon." I take greet 
comfort) however) thst regsrdless of how we may sttempt to msnlpulate 
and direct the prepsrstlon of teschers > the humsn organism Is likely 
to tesch Itself for survlvsl* 

Problems 

Any time s program of the type we hsve undertaken st the Univer- 
sity of Colorsdo is Initistedt there are s nuihbsr of rather serious 
problems thst develop* I describe s few of the more Important ones* 
A greet desl of experience and s greet desl of evsluatlon in research 
is necessary before we will ever get to the point Where we have s 
program thst we can feel is strong. Yet) ss I am talking sbout these 
problems) I hope thst they will not be s basis for rejecting the new 
system. 

When students sre placed in schools for the purpose of psrtici^ 
pstion and lesming» there is s very real danger that both students 
and cooperating teachers think of It as an apprenticeship* In an 
apprenticeship the lesmer simply patterns the master to whom he 
has been apprenticed. In our program we hope that the systui of 
teacher education will help to ioprove the cooperating teacher as 
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veil aa the student teacher. Our cooperating teachers have been 
alttost unanlwMia in their feeling that having these young» ag|p:e8sive» 
intelligent student teacbi^rs around baa been stimulating to tihem. 
They feel that there are aotoe things that they learned fron the 
association. A problem nay also be encountered vhere the cooperating 
teacher will expect the Instructional aasistant or student teacher 
to spend a great deal of tlM doing repetitive » inenlal tasks. A 
certain amount of this kind of work Is necessary for learning* but 
care needs to be exercised so that the student has a variety of activ-^ 
ities vhlch intprove his performance. 

Another problra that we encountered was that Professional Educa** 
tion people are reluctant to revise their offerings In terms of uhat 
is relevant to the problems that the studMt teacher will encounter. 
Of course* there are principles that transcend the simple solution 
of each mundane problem. However^ I believe that tihe studMts* 
acceptance of Professional Education as a meaningful and helpful 
activity is enhanced whM it is applied to the solution of those real 
problems with which one deals In the classroom. There is no denying 
that the problem in the local classroom may not be those which he 
encounters when he gets Into a differMt situation. My point is 
simply that» if he has found material in professional educaticm 
modules that was relevant to the solution of his problems In this 
particular situation* he is likely to look to this source for help 
in the different situation with a new set of problems. 

Perhaps the greatest difficulty that is encountered with this 
new program is that it requires a good deal of time and dedication on 
the part of the university personnel. If the university supervisor 
does not spend much time in the school and does not work in partner-^ 
ship with the cooperating teacher » this system may very well degen* 
erate to a system of apprenticeship. University professors too often 
are faced with the problem of meeting publication expectation. I 
have spent some time with several students and we have done some mean-" 
ingful research* I have encouraged them to submit their work to others 
under their own names. Finally* I would like to point out that 
changes in teacher education ought to be based upon data. Utaiver-^ 
sities ought to provide time and competent research personnel to 
develop designs to answer the pertinent questions* to create appro*- 
priate ii^strumentation and analysis and then Incorporate the findings 
Into chan^jed action. As I look at this general area* I see it as 
one of the most fruitful directions in which we could go in con*- 
ducting meaningful research. And* I hope that it will produce signlfi-^ 
cant results for the Improvement of American science education. 
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O0MP£IEHC¥» COOPERATION AND CHANGE 



Ronald B. Tavneend 
Evans ton Township High School 
Evanston^ Illinois 



Accountability for All 

Education accountability should not be an albatross hung on 
the neck of the classroooi teacher as a punitive symbol of penance 
for societal failures but rather a communal bcwl of opportunities 
purchased and prepared by certain segments of the society for the 
nurture and development of the student. Each of the societal seg- 
ments involved in the purchase^ preparation and serving of the 
school offerings as well as those who teach the chefs » suggest the 
ingredients » and analyze Che results must accept Che responsibility 
of submitting evidence of Che merits of their contributions. 

Even Chough the 19//2 Gallup Poll of Public Attitudes Tavard 
Education (5) found that the pxiblic puts most of Che blame for a 
child doing poorly in school upon the child's home rather than upon 
the teacher or the school » the continued cry via media » Journals^ 
and taxpayer committees is for Increased fiscal and scholastic 
accountability in education. Leiberman^G "common sense" definition 
that accountability exists "... when resources and efforts are 
related to results in waya Chat are useful for policy making » 
resource allocation or compensations" (9) was and is a fine ideali^ 
zatlon of account^ility potential in education. Stephen Barro (3) 
correctly asserts that '*Each participant in the educational process 
should be held responsible for only Chose educational outcomes that 
he can affect . . ." However, the narrow view that educational 
accountability is only for Che classroom teacher, the school ad- 
ministrator and perhaps the Board of Education seems to be per- 
petuated in specialized articles by economists, engineers, systems 
analysts, researchers and educators. As components of progress in 
education many of theae articles point to the need to scrutinize 
the learner, the evolving structure or the processes of education 
within our present system. Alkin's call for school board-goal 
accountability, administration-program accountability and teacher 
accountability on outcomes (1) as well as Edward Wynne^s plea for 
educational researchers to consider schools as - - our apparent 
constituency" (IS) must be considered part of the total accounta- 
bility picture. As the accountability spotlight broadens from the 
classroom teacher to the many interrelated areas of maviagement 
(fiscal and academic), research, technolojgy, curriculum, learning 
theories and methodology perhaps we should ioek more closely at 
the specific competencies expected of teachers as well as the re- 
sponsibilities and involvement of the institutions and personnel 
who prepare and service the teachers. What competencies should be 
expected o£ science teachers in this technological society where 
progress both relies upon and fosters scientific change? 
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Cryatal Ball Coapeteaclea 



Toffler's "Future Shock" (l3) was a lightning bolt; reminder 
of what many people already knew but were too busy trying to keep 
up with the accelerating rate of change to consider in depth. The 
science teacher is faced with the realization that many ^'facts'' 
learned yesterday are brought into serious question today and may 
be discarded as outdated fiction tomorrow. New words are ^tering 
the science vocabulary more rapidly than textbooks or science d±cr 
tionaries can include. Entire fields of human endeavor such a& 
bionics, laser technology or plate tectonics continue to evolve from 
new needs and new knowledge. Thus science teachers must not be 
satisfied with spoon-*feeding high school students soon*to-*be- 
obsolete facts but must develop competencies In guiding students to 
Xeam to cope with and adjust to change. We need new means by which 
science teachers can maintain an awareneas of the ever expanding 
frontiers of scientific research and application. 

Introductions found in many high school science texts of the 
sixties and seventies proclaim the need to teach science students 
to deal with change but few teacher education courses boast the 
same objectives in any demonstrable way. it would appear that the 
some philosophy of keeping science instruction relevant to changing 
knowledge and technology should also apply to the education of sci- 
ence teachers. Not only must science teachers have conipetencles in 
the latest educational technology and an understanding of this genera- 
tion of learners' needs within the context of a changing world but 
they must be prepared to adapt to and even cause necessary changes 
in our schools. It has been prognosticated that the future science 
teacher will spend more time (X) diagnosing individual student dif- 
ferences, (2) analyzing learning difficulties and aptitudes of the 
students and (3) prescribing and developing instructional materials 
and techniques for students as individuals rather than leading a 
class of students through a maze of fleeting facts in lock-step 
precision. 

The National Science Foundation iinrested many dollars in sup- 
port of the deveXopnkent and ic^Xementation of new science courses 
during the X950*s and X960^s as weXX as in the re-education of sci- 
ence teachers to teach the new courses. Against this background the 
educational programs for pre-service science teachers hatve continued 
to follow the traditional prescription of required education courses 
usually isolated from each other and the real world of the secondary 
science classroom. Guidelines and Standards for the Education of 
Secondary School Teachers of Science and Mathematic s (7) points to 
the "tradition-bound" science and mathematics teacher education 
programs as " * . . derived from existing school curriculum • • 
and the need schools to ". , . keep pace with cultural change 
..." The guidelines go on to recommend that "... teacher edu- 
cational institutions examine the degree to which their programs 
reflect progress in science, new emphasis in educatlont and changes 
in society." 
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Svliinnlng Instruction Should Talce Place In the Water 



This paper is not suggesting the rejection of traditional 
topics for preservlce science teachers such as curriculum develop- 
ment, educational psychology, learning theory, evaluation procedures, 
instructional techniques, general and special methods, educational 
technology, etc. but rather that such topics be tsught in relation* 
ship to the viable *'real world" of the elementary and secondary 
science classes rather than in the sterile surroundings of a college 
lecture hall with only the professors* own experiences and memories 
to provide secondhand and often obsolete relevancy. The laboratory 
school although providing an atypical picture of the secondary and 
elementary school setting did serve as an intermediate step for pre-* 
service teachers as they moved from the idealistic college student 
role into the realistic day-to-"day activities of a beginning science 
teacher. However, due to financial pressures and the high cost of 
maintaining a special laborstory school, many colleges of education 
have been forced to abandon these prototype school settings. Bather 
than reverting to teaching how-to-teach by proicy the colleges of 
education could seize the opportunities of our times (demand for 
accountability, search for relevance* need for classroom research 
and closing laboratory schools) by moving the teacher education pro*^ 
grams into contiguity with today^s actual elementary and secondary 
schools. Each course, topic and concept raised by the education 
professor could thus be examined and evaluated by the preservice 
science teacher In the crucible of the present day science classroom. 

Three R's of Teacher Education 

The teacher education program suggested here for preservice 
science teachers is only a beginning of an outline proposed to: 



1. emphasize the relevance of necessary knowledge 
and skills proposed by professors of education 
within the context of elementary and secondary 
science classrooms, 

2. enhance the resources (human, material and service) 
available to schools by closer cooperation between 
college of education faculties and the schools 
from which they receive their clientele and whom 
they serve, 

3. increase the potential for educational research 
that mig^t have immediate impact upon classroom 
instruction rather than dissipate in the upper 
atmosphere of academic debate. 



Thus the three R*s of relevance, resource and research are the aims 
of a cooperative structure between. colleges of education and ele- 
mentary and secondary school systems. 



ERLC 
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From the Ivory Tower Into the Action Arena 



Most of the plan that is suggested here la neither new or 
innovative in terms of what has been proclaiised in other places by 
inore articulate spokesmen. The setting of the public and private 
schools as a place for preservice science teachers to learn their 
profession is the premise upon which the widely practiced activity 
called '^student teaching** is based. Even the necesaity for pre- 
service science teachers to become involved in secondary and ele- 
inentary science classrooms early in their college career is an 
integral part of many recently revised teacher education programs. 
The only variation from these changing, progressive programs which 
I believe would accelerate our progress in many of the processes 
of education is an in-^depth involvement of the college of education 
faculty meiii)ers in the day-to-day activities of the secondary and 
elementary school systems. 

Because of the variations in schedules and contractural pro- 
cedures in colleges and universities it is not possible to suggest 
an overall approach to implementing the involvement of college of 
education professors in the school systems. The suggestion here 
is that cooperative efforts be established between willing school 
systems and colleges of education to conduct pilot programs of joint 
employment of professors directly Involved with the education of 
preservice teachers. For a certain period of time (nine weeks or 
one quarter^ for example) during the school year a science education 
professor would be employed full time as a science teacher^ science 
supervisor » researcher » program evaluator, curriculum developer, 
or other possible positions within the total environment of a school 
system. This day-^to-^day involvement would not be as an observer of 
student teachers » director of a one day workshop nor just conduct- 
ing extension or inservice courses, but actual involvement in the 
implementation, evaluation and revision of the ongoing science pro- 
gram of the school. This would undoubtedly enhance the professor's 
own proficiencies in the education of preservice teachers, observing 
and critiqueing student teachers and in conducting more realistic 
workshops and inservice courses for experienced science teachers. 
Future cooperative efforts that might evolve from such a college- 
school venture are only limited by our traditionally bound experi-^ 
ences separating the tower from the arena. 

Competencies for Change 

The clarion call for change In education comes from many 
directions and levels. The newly established National Institute 
of Education was formed as a response to the President's request, 
**As a first step toward reform (in our schools) we need a coherent 
approach to research and experimentation** (11). State offices of 
public instruction are calling for accountability measures* speci- 
fied objectives and complete reviews of present educational struc-^ 
tutes such as described in the booklet, "Action Goals For The 
Seventies" (2) by State Superintendent of Illinois Michael Bakalis. 
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Leading educators outline ^'competency baaed teacher education pro- 
grams*'(6) and present evidence for changes effected in children by 
those teachers educated under ^'performance -based teacher education" 
(12). 

If the efforts of the university based science educators con- 
tinue taking a path essentially separate from the schools in research^ 
philosophy t methodology and teacher education^ their effectiveness 
in fashioning educational competence for change in the schools will 
be greatly limited. If the science teachers in the schools continue 
to work on a day-to-day basis without readily available resource 
people working with them on research^ curriculum development^ evalu- 
ation and new technology^ they will fall in their pursuit o£ educa- 
tioflal excellence. With the total involvement of science education 
professors and others from the colleges of education in the schools 
for extended periods of time not only the schools* programs and in- 
service competencies would be enhanced but the preservice education 
of science teachers would reap the benefits of relevancy (in the 
schools of today) ^ resources (of experienced teachers and "real-live 
students'') t and research (with imoiediate Impact on classroom instruc- 
tion). The effects of such direct Involvement in the schools by 
university faculty members could provide a basis for changing re- 
search techniques and reporting so that communication of the findings 
would be understandable and useful to the classroom teachers. This 
type of cooperative effort might initiate heretofore unthought-of 
objectives « instructional procedures and evaluation techniques for 
science teacher competencies now so prominent in both the public ^d 
educational mind (8^ 10). 

Xn the education of preservice science teachers and the con- 
tinued evolution of productive centers of science education^ we 
must provide for all aspects of teacher training (sociological » 
psychological^ and educational) in an environment which provides 
dally contact with students in classroom situations. Preservice 
science teachers should receive experience in observation techniques 
including the use of interaction schemes. They should design cur- 
ricula and tests, develop inquiry instructional packages and labora- 
tory techniques t do microteaching with video tape analysis and par- 
ticipate In role playing simulations of classroom conditions. In- 
volvement with pupils in classroom activities is essential and 
provides varied experiences for implementing and evaluating compe- 
tencies in actual teaching encounters. If » along with this active 
involvement of preservice science teachers with "real" students in 
today's classrooms, the total involvement of science educators in 
the elementary and secondary schools for extendedtime intervals 
could perhaps provide positive responses to both of the questions 
presented in the January 1973 issue of Phi Delta Kappan "Are teadier 
preparatory institutions necessary?" (4) and "Are educational re- 
searchers necessary?" (14) 
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It must be extremely perplexing for pre^servlce science 
teachers entering student teaching to discover that loany of the 
cognitive and affective behaviors developed In their content and 
education courses are out of phase with current classroom practices 
in schools* Extensive change and innovations have occurred in 
many secondary schools and teacher education programs during the 
past decade. However, other secondary schoola and teacher educa- 
tion programs reflect a limited number of innovations which has 
brought considerable conflict for pre-service teachers between 
what they learn in their education courses and what they encounter 
in school as they engage in student teaching. This has created 
numerous binds for students attempting to Implement Innovations 
learned in university courses into traditional classrooms. Many 
wonder whether or not they are caught In a losing struggle of 
vicious circles of educational ferment • 

Probably the most prominent innovation to occur in secondary 
school acience teaching during the past decade has been the de- 
velopment of curricula in which students learn through guided in* 
qulry oriented experiences. Stimulated by an Implementation of 
these new curricula in secondary schools^ science teacher education 
programs have been redesigned to examine and develop the Inquiry 
learning process. This has /treated a major b^nd for pre*servlce 
science education students because very few« if any« science courses 
as well as foundation courses in education are taught using Inquiry 
oriented Instructional strategies. To further reinforce the bind, 
science methods Instructors attempting to prepare pre^^service 
teachers to Implement inquiry oriented curricula have been known 
to present lectures on inquiry teaching or conduct seminar type dis- 
cussions based on preassigned srticles read by the students. As 
these students progress to their student teaching experience a 
double bind emerges when they are assigned to classrooms using In* 
quiry oriented curricula and face the enigma of becoming involved 
in a teaching* learning experience with which they m^ know some* 
thing aboutf but have had no actual experience. Similarly^ student 
teachers assigned to classrooms using traditional teach ing*leamlng 
techniques also become involved in a double bind because they are 
not able to Implement an instructional style ^learned** in their 
methods course* 
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Let us for a vooient focus In on another Innovation In sclance 
teaching which Is encountered In uny methods courses: Individualized 
Instruction* According to one definition^ Individualized Instruction 
Is a procedure idilch alns at providing a unique program to each child » 
and takes Inta account all the differences that exlat In body chemistry^ 
experimental background* specific Interests* purpose needs» and learn- 
ing skills and styles among children (4) . Among the binds created 
for pre-^ervlce teachers by this Innovation Is one of not having any 
college courses where they have experienced Individualized Instruc- 
tion anywhere near the scope implied by the definition presented. 
A second bind occurs when pre-service science teachers discover that 
prerequisites for individualized instruction include diagnosis of 
learner entry behavlora related to what Is to be learned and pre- 
scription of appropriate Instructional strategies in a fitting se- 
quence for which they have not been prepared* Fortunately for stu- 
dent teachers^ the intensity of the second bind la lessened owing 
to a limited extent In idilch secondary school science curricula have 
been individualized. 

1 doubt if there Is a pre^servlce science teacher education 
program existing in which students do not encounter the topic of 
behavioral objectives* Cogent arguements are presented concerning 
the value and necessity of having clear» precise statements of the 
leamer^s behavior that will be accepted as evidence of acconq^llsh* 
ment. Writing behavioral objectives a la Hager (7) or the ABCD 
format (6) Is a commonly prescribed etudent experience In teacher 
education programs. However » have we specified the cognitive » af- 
fective and psychomotor behaviors to be accomplished In our methods 
courses? How did we ever get Into this trap (bind)? To idiat extent 
has our dedication and allegiance to behavioral objectives lured us 
Into requiring students to state terminal behaviors In specific terms 
for teaching broad concepts* general principles* coflmon understandings » 
and the outcomes of student Inquiry idilch presents another bind for 
students. 

Two analytical systems which have been Integrated Into science 
teacher education programs are microteachlng (1) and Interaction 
analysis (3). Considerable time and effort Is devoted to developing 
different teaching skills and styles with the aid of one or both 
systems. Extraordinary attention Is given to the development of In* 
direct teaching (good) behaviors on small groups of students In 
university classrooms* Then Inevitably some student teachers are 
assigned to situations* encounter a blnd» idiere they must use direct 
teaching behaviors to present science lectures to classes of 100-125 
students three days a week and maintain two double period laboratories 
per week. Of course this Is a result of a bind In idilch the right 
and left hands are not coordinated; or stated In another way» the 
science methods Instructor had no way of knowing idiere the student 
teaching office would place the student teacher* 

One could continue on and point out additional binds and vicious 
circles from an examination of Innovations associated with account- 
ability* programmed learning» educational technology* Interdisciplinary 
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or Integrated science » the noo-grmded or open school concept and 
team teaching- Hoiiever there Is no need to perpetuate further eat- 
barrassaent or possible boredom. Enough evldrace has been presented 
to Illustrate two basic problems in science teacher education; 
first » scientists and teacher educators at the university level 
need to Inculcate within their own programs the methods and tech^ 
niquea demanded of their students » in other words practice What 
they preach. Science instructors need to build more inquiry^oriented 
learning experiences Into their courses and provide means of acconiBO^ 
dating Individual differences beyond the scope of honors^ majors^ 
and non-iaajors courses in the same subject. They should be challenged 
to investigate the posaibilities of teaching science on an interdls-^ 
cipllnary basis. You may recall from the BOSES report (8) that even 
though prospective science teachers viewed science content courses 
as having the most practical value to them as a teacher » they felt 
their courses had been too specialised and rarely » if ever» exposed 
them to Inquiry teaching. Secondly^ teacher education institutions 
need to have strong working relationships with local schools » and 
their programs need to be process oriented and field (school) cen- 
tered. Fre-servlce science teachers need continuous opportunities 
to study and examine the theoretical ccmcepts of teaching and lean-* 
Ing in the context of current practices occurring In science class^ 
rooms rather than In isolation within the ivory tower. Again re- 
ferring to the ROSES report (8) » it was clearly evident that pre- 
service science teachers had limited respect for their education 
courses* They regarded these courses as useless^ a waste of time» 
and irrelevant to their future areas. 

Fortunately current trends in science teacher education denote 
a move toward eradicating many of the binds » weaknesses » and dis- 
crepaucietf characterized. These trends are reflected by changes 
in science departments of Arts and Sciences Colleges and new develop- 
ments in teacher education within Colleges of Education. To gain 
insights on prospects for science teacher education in the future » 
it seems appropriate to examine some of the specific changes and 
trends occurring. 

Whatever the cause » whether it be student unrest and criticism 
of courses or faculty initiative in recognition of a need for teach- 
ing effectiveness » chemistry d^artments are undergoing an era of 
ferment concerned with what Is being taught and how it Is taught (11)* 
Chemistry professors now feel that one of the chief objectives of 
general college chemistry is to arouse and sustain the students* 
interest in chemistry and to motivate them to learn the subject* 
This is quite a contrast to general chemistry courses taught with a 
"survival of the fittest" objective and designed to 'Wed out" the 
non^science oriented student. Remarkable as it may seem^ chemistry 
departments are now designing courses adjusted to meet the needs of 
the students Involved. Beallstic problems now form the basic orien- 
tation of many chemiatry courses rather than the covering of infor- 
mation. Among the many innovations appearing in current college of 
chemistry courses are the Keller Flan of aelf^aced study » computer 
assisted instruction » individualized instruction » and chemistry 
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tauglit within integrated science courses or interdisciplinary 
physical science curricula. All of these innovations ware pre- 
sented and examined in several contexts at the Mt* Holyoke Con- 
ference for Education in ChNiistry (lO) last snnmiftr* Among the 
participants were industrial and college chemists^ high school 
cheaistry teachers and science education specialists concerned 
with cfaewistry teacher education* 

Equally exciting changes ere occurring in university physics 
programs* In a recent volume published by the National Academy 
of Science (9) an entire chapter was devoted to a comprehensive 
examination of physics education at all levels ranging from the 
elementary school through higher education* In a discussion con- 
cerned with education of pre-^ervlce science teachers it was pointed 
out that secondary and elementary school teachers do not take ad-- 
vantage of inquiry-oriented curricula^ necessary for the develop- 
ment of logical thought in students » because college professors do 
not provide exan^les of inquiry oriented courses* It further stated 
that honest physics courses for teachers of the future will be those 
that induce students to learn for themselves i and pointed out that 
physics courses desirable for the purpose of teacher education can 
serve admirably as liberal arts courses. Physicists ere now coopers^ 
ting with professional educators in developing and experimenting 
with courses taught in their sxibject matter specialties* It is be- 
coming apparent to these instructors thet college students intend* 
ing to become science teachers can ba led to explore^ measure^ 
compute* err and recover* and elicit unanticipated conclusions. 
These cooperative endeavors by instructors reveal a change in at- 
titude of college and university faculty manibers when they assume 
a responsibility for the quality of physics teaching in achools* 
They are entertaining such questions aS| 'Xftiy do so many well- 
educated* highly intelligent persons find physics dull* threaltenlngi 
or mysterious While physicists consider their sxibject an exciting 
and rewarding intellectual enterprlee worthy of pursuit with fervor?" 
New developments in college physics curricula are based on concerns 
of making physics more interestingi chellenging (not difficult)* 
contemporary and providing more effective instruction* 

Effervescence of the same magnitude is transpiring in biology 
and earth science departments of Arts Gblleges. Bridges have been 
conatructed in these content areas to provide collaboration between 
educetors and scientists in developing courses for pre-service sci- 
ence teachers* Numerous innovations are being implemented and 
students are providing significant contributions and inputs in 
their evsluation process* Student evsluation of teaching is a 
commonality rather than a rarity on college casqiuises today and 
evidence demonstrates this practice will not diminish in the near 
future* 

Having briefly examined innovetions in science deportments » 
let us turn to an inspection of teacher education programs. Arousing 
excitement and stimulating attention in this field is the '^competency*- 
based teecher educetion" (CBTE) or ^arformance-besed teecher 
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teacher education" (FBTE) movement (2» 5). It haa provided a 
vehicle through irtilch major innovations are being implenkented In 
teacher education programs In Colleges of Education. Among these 
Innovations are the specification of course and program objectives » 
development of Isstructlonal teams composed of foundations and cons- 
tant methods Instructors » Individualized Instruction » Incorporation 
of major field (school) experiences » and implementation of etudent 
evaluation and feedback systems. 

The most difficult and crucial component of any CBTE program 
Is the specification of objectives* I.e.* the stating of terminal 
competencies of students resulting from Instruction. Inherent within 
this task Is the Identification and specification of competent teacher 
characteristics and behaviors. This backs educators right into the 
box of teacher evaluation which has been and still is a nemesis of 
school administrators* teacher certlflcatliMi agencies and teacher 
educators. Some pressing questions have evolved with the CBTE move*- 
ment. To what extent will techniques be developed to measure the 
exit behaviors of pre-servlce tea«^hers emerging from CBTE programs? 
Hill the assessment devices developed be any better in measuring the 
complex process of teaching than current practices? They may be 
more effective In treasuring specific teaching skills* but will they 
be valid for evaluating the total process of teaching in a variety 
of instructional environments? Inadvertently » Instructors may place 
an over-^einphasis on development of specific teaching skills rather 
than CAoentrating on the whole teaching process as it relates to 
classroom performance due to the difficulties of writing behavioral 
objectives for high level cognitive and affective abilities. Despite 
the problems* teacher education Instructors are being forced to 
clarify the objectives of their courses and programs. This should 
make them more relevant and useful to pre-servlce science teachers 
in the future. Hopefully^ a long term outcome will be a more valid 
system of teacher certification and evaluation irtilch identifies 
teaching competency in a variety of situations and respects different 
qualities of outstanding teachers. 

Amalgamating foundations and specific content methods pro- 
fessors of CBTE programs into instructional teams has forced faculty 
members to wrestle with the identification of generic and content 
baaed teaching behaviors* The instructional teams* irtien combining 
educational theory with classroom application* launch directly into 
the problem of identifying which instructional skills and processes 
are dependent upon the content logic of specific subject areas for 
effective intplementatlon. In addition* considerable duplication 
of instruction is reduced by using instructional teams. Further- 
more! reinforcement of ideas and concepts examined by students re*- 
suit from concurrent study of science teaching from theoretical 
and methodological perspectives. 

Instructional modules are another significant feature of CBTE 
programs. They provide a viable means of individualising the In*- 
structlonal process to meet specific needs of students. Using pre- 
assessment devices incorporated within instructional modules* 
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BtudentB are provided opportunities to demoastrete competency In 
verlouB Inetructlonel componentB prior to engaging In the learning 
proceee. Studente succeesfully demonstrating competency on pre- 
tests are guided directly Into alternative Instructional modules 
appropriate for their weaknesses. Generally* the Instructional 
modules are self-pacing In their design to accomodate different 
rates of student progress. Many also provide students with oppor- 
tunities through extended Instructional activities to develop 
competencies beyond the minimum level* Provisions are Included 
for removing deficiencies through remedial Instruction* Students 
not achieving minimal competency after completing an Instructional 
module are provided avenues for recycling through the same or alter- 
nate modules designed to meet the same objectives* 

A highly significant Innovation concomitant with CBTE Is an 
Incorporation of fleld*-based activities within several Instructional 
phases of the program. Students are afforded opportunities to ob- 
serve and participate In specific learning experiences In a wide 
variety of classrooms. For example^ when studying adolescent be- 
haviors from a theoretical approach in the university classroom^ 
pre-servlce science teachers concurrently examine adolescent be- 
haviors In schools. Not only are the general characteristics of 
adolescence studied* but In addition* secondary school student be*- 
havlors are examined both In science classrooms and non^^classroom 
situations. The Interaction of different science teaching strate- 
gies and styles with various adolescent behaviors are observed. Be- 
havior modification techniques and skills are applied to actual 
behavior problems occurring In science classrooms. 

Fre*-servlca science teachers Investigate the total school 
system as part of their field activities* Inquiry is made into 
school policies* administrative and faculty attitudes* teacher 
liability and responsibility* school facilities and resources avail* 
able for instruction* Intersctlons between faculty and students snd 
ftdministrators* teschlng styles and instructional strategies in 
different instructional settings* and student responses to the 
school environment* Pre-servlce teachers get to know the science 
program and faculty over a long period of interaction prior to 
student teaching which removes many uncertainties and provides a 
base for building their confidence before they assuma student 
teaching responsibilities. Also* potential mismatches between 
student teschers* cooperating science teachers* and schools are 
resolved before it is too late. 

CBTE field-abased programs have Inaugurated closer functional 
relationships between university professors and secondary school 
teachers. Science teachers are invited to participate in program 
planning meetings and module writing sessions with tmlverslty 
foundations and science methods Instructors* A residual effect 
resulting from this cooperative endeavor has been the development 
of effective and meaningful in-service programs for experienced 
science teachers. Encountering new approaches to science teaching 
and recent contributions to science content during strategy seeslons* 
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practicing teachers visualize the need for In^ervlce development. 
Results of these in*service prograois have greater Impact in promoting 
necessary changes in secondary school science teaching because they 
have been cultivated by a perceived need vieved by all concerned. 

Definite strides have been taken to remove the binds and vicious 
circles prevalent in science teacher education programs of the past. 
Innovations in science departments and teacher education programs 
reflect a concerned and concentrated effort by university faculties 
toward removing the chaos » Ineffectiveness and mlndlessnesa from 
science teacher etbication. There is limited evidence to suggest 
that» in universities Where CBTE programs have been implemented and 
science departments have been slow and reluctant to changei a cur- 
rent ROSES (8) study might result In pre*servlce science teachers 
viewing their education modules as much more valuable than science 
courses. Of course » work must be continued until all components » 
both science and education courses » of programs for preparing second- 
ary science teasers are valuable. The trend of having pre-service 
science teachers directly involved in experiences similar to those 
they will be engaged in as student teacherSi i.e.» scientific In- 
quiry and the teaching process, will surely continue. This will 
make their transition to teaching smooth and productive rather than 
frustrating and hectic. 
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For many years the education of science teachers appears to 
have been guided intentionally or unintentionally by a philosophy, 
characterized best by Coznb's work (2, 3). He describes as basic 
concepts in the process of becoming a teacher in the latter manu- 
script in the following ways: 

1. The production of an effective teacher is a 
highly personal matter^ dependent primarily 
upon the development of an appropriate system 
of beliefs . 

2. The production of an effective teacher must be 
regarded as a problem in becoming . 

3. The process of becoming must start from 
security and accept ance. 

4. Effective teacher education tuust concentrate 
its efforts upon meanings rather than behavior . 

5 . If sensitivity and empathy are prime character" 
istics of effective helpers , and if behavior is 
the product of perception, teacher preparation 
programs must shift their main concerns from 
objectivity to subjectivity . 

^^Basic concepts** of this type, and many similar ones are nothing 
new. They characterize an enterprise in which neither input nor out- 
put has been accurately described, and for which the intervening ex~ 
periences generally have little if any theoretical or empirical sup- 
port (15). Indeed^ if we describe the output of a teacher education 
program in terms of beliefs > becoming , security and acceptance . 
meanings and subjectivity , we are describing enculturation rather 
than teacher education and find ourselves with no Justification for 
creating the institution of teacher education for these purposes 
since the job has long since been con^leted, no operational description 
of the educational product, no way to determine how to arrive at these 



1. Adapted from a presentation made to the Paculty of Education, 
University of Calgary, Calgary, Alberta, Canada, January^ 1973. 

2. The author wishes to express his appreciation to Ms. Anne Hays 
for her assistance in developing this manuscript and to Dr. Mary 
Lou Koran for her critical interaction with me on these topics. 
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states* and no way to assess when we have achieved them. The am** 
biquity of these goals or procedures has permitted a sloppiness in 
the teacher education enterprise which the public cannot and will 
not tolerate. Not knowing where we are going » how we are to get 
there and what the product will look like when we arrive is a luxury 
educators can no longer afford. 

What has resulted is the movement to performance based teacher 
education (5» 6). In performance-baded programs* performance ob* 
Jectives aue specified and agreed to in rigorous detail in advance 
of instruction. The student preparing to become a teacher or the 
in-service trainee must either be able to demonstrate his ability to 
promote desirable learning* or exhibit behaviors known to promote it. 
He is held accountable not for passing grades* but for attaining a 
given level of competency in performing the essential tasks of teach- 
ing. The training institution is itself held accountable for pro* 
ducing able teachers. The emphasis is on demonstrated product or 
output. Acceptance of this basic approach has program implications 
and research possibilities that are quite exciting and can shape both 
a setting for science teacher training* and what can take place 
within this setting. This paper will focus on three areas: 1) what 
should the "climate*' for secondary science teacher training be?; 
2) what should the '^output" of the program be?; 3) what are the re* 
search possibilities of such a program? 

What Should the "Climate" for Secondary Science Teacher Training^ Bef 

The following statements partially characterize the evolving 
"climate" for secondary science teacher e<!ucation at the University 
of Florida. 

1. Courses and regular scheduled classes do not 
exist. The program is flexible and mobile* 
with opportunities for^amall group* large group* 
individual instruction* and off campus or "field 
instruction." 

2. Proficiency is determined by performance. 
Students either pass or fail; meet criteria 
or not. 

3. Field experience in the public schools is 
continuous and includes tutorial work* ob* 
servation and experience guiding instruction* 
evaluating it* and testing hypotheses relative 
to instruction. 

4* Field experience includes encounters with the 
parent* the community and state agencies with 
education related missions (environmental 
protection agencies* City Planning* etc.). 

5. Students are responsible f^r completing per- 
formances. They may work at their own rate 
or be assigned to instructional treatments 
according to their unique goals or aptitude 
characteristics . 



59 



6. The program may be completed In different 
amounts of tiiBe* 

7. Planning and decision making occurs coopera- 
tively and includes faculty ^ students ^ 
parents^ and school personnel. 

8. Extensive utilization of multimediat micro- 
teaching^ and other simulation techniques 
(gamingt decision making^ etc.). 

As Voelker (20) points out^ programs of this type require: 

1. extensive practical experience with public school 
students t 

2. limitations on enrollment and an emphasis on 
intellectual rigort 

3. specified selection criteria^ 

4. built In mechanisms for change » 

54 degrees of flexibility that vould make it 
difficult to refer to "a program^" and 

6. new* partnership arrangements and reaffirma- 
tion and redefinition of old arrangements. 

What Should the Output of the Program Be? 

Secondary school science teachers should possess a wide range 
of teaching skills and strategies which could be subsumed by such 
models as McBonald^s (12) taxonomy of teaching behaviors. These 
would include teaching operations » organization of content skills^ 
and strategies for handling types of content. In order to function 
in the above contest science teachers will have, to: 

1. Have an excellent academic record and aptitude 
characteristics suitable to the teaching role 
(flexibility t tolerance for ambiguity » communi- 
cation skills t content knowledge). 

2. A commitment to continuous education in the 
discipline t discipline-related fields and 
pedagogy t both before and after initial 
training. 

3. A background in the social sciences^ art^ and 
other areas of the humanities. 

4. A breadth and depth in the content and process 
of science. 

5. A knowledge and understanding of the history 
and philosophy of science. 

6. A knowledge and understanding of adolescent 
psychology^ psychology of learning and group 
and organizational dynamics. 

7. A desire to work with people in a dynamic 
environment. 

8. Skills in inquiry » decision making, and infor* 
mation acquisition and processing* 
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Basically^ the Guidelines and Standards for the Education of 
Secondary School Teachers of Science and Mathematics (1) Is a good 
beginning point for describing the types of products we would like 
to see In science teaching. The only caveat one could add would 
be an emphasis on quality rather than quantity and a movement In 
each of the areas specified "beyond the Information given." We 
must stride to meet and go beyond these standards while keeping 
pace with the demands of a rapidly changing world (7). 

What are the Research Possibilities of Such a Program? 

In the open-flexible » performance oriented setting described* 
one would expect a wide range of research projects to flourish. 
Subjects In research studies should Include parents » children, 
In-'servlce teachers » or teacher trainees. Opportunities would be 
available to manipulate Instructional systemst test the effects of 
acquired skill on subsequent performance and learning; design. In*^ 
sttuctlonal systems to fit Individuals » and a wide range of other 
areas. The following are a few areas which eeem to have promise: 

Research on Modeling* Feedback and Practice 

There has been considerable basic and applied research In the 
above areas (8» 9). It can be roughly grouped Into research on 
demonstration variables (type of models); practice variables (amount 
of practice) ; and feedback variables (amount, kind and contiguity 
of feedback). In these studies the dependent variable Is usually 
a teacher behavior clearly defined and the Independent variable Is 
a treatment designed to Influence this behavior. Performance based 
teacher education programs will function to clearly define a wider 
range of behaviors to be used as Independent and dependent vari- 
ables In science teaching research. Similarly* these programs will 
place demands on exploring alternatives for producing the types of 
outcomes desired. Hasearch of this type should be built Into every 
science teacher education program whether In-servlce or pre-servlce. 
At the same tlme» flexible programs* with teacher trainees In the 
schools* homes and communities an earlier tlme» and for longer 
periods* provide the opportunity to explore such variables as 
modeling* decision making skills* attitudes and Influencing values 
of parents and children toward such critical areas as the environ^ 
ment with the teacher In training becoming the researcher. Thus* 
acquiring both theoretical and research skills. Other possible 
areas of study here would be early stimulation of children, trans- 
fer reinforcement and practice resulting from parent education to 
student education and studies of the effects of acquired teacher 
behav^lor on student learning (8). 

Evaluating the Effects of Instruction on Student Learning 

Performance based education programs place an emphasis on 
acquired student behavior or "affective orientations." An Impor- 
tant question that Is yet to be explored Is the association between 
acquired teacher behavior and student learning* Performances 
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commonly identified as those teachers should be able to esdiibit 
should be subjected to empirical scrutiny using rigorous experi- 
mental designs or quasi experimental designs of the type Okey (16) 
describes* to determine their effects on learning. The final out- 
come may well be an empirical rationale for teaching teachers what 
to do and say and a criterion for evaluating teacher training* and 
instructor competence. For instance t if we teach teachers to employ 
wait-time* what are the effects on student learning? Preliminary 
studies by Rowe (18) suggest that among other things » increased wait- 
time on a teacher *s behalf results in an increase in level and type 
of student response. This is the typa of empirical data needed to 
support the contention that wait-time is an Important skill for 
teachers to acquire. Data of this type could be gathered by teacher 
trainees or in-service teachers under the direction of faculty re-* 
searchers while contributing to preparing these trainees in an open 
environment to be hypothesis makers and testers. 

Of course » studies of the type described do not necessarily 
require a changed science teacher training context in order to be 
conducted. However* the emphasis in the future on well educated* 
dedicated an4 skilled teaching candidates working in an open* flexible ^ 
environment permits their use as both the subjects of studies (pro* 
ducing a more homogeneous nation wide sample) and as researchers in 
studies. As both F. J. McDonald (13) and Rothkopf (17) emphasize* 
having trained t intelligent observers systematically looking into 
schools^ homes and communities and recording what is happeningt la 
the beginning point for designing inatructional materials and programs 
that will produce adaptive learners. 

Individualization of Instruction 

Performance based instruction within an open-flexible environ- 
ment permits a wide range of individualizing m^ethods. Unfortunately* 
in most treatments of this topic the individualization component is 
rate of learning . Students or teach'&r trainees are given a pretest* 
prescribed instructional activities and a posttest. Generallyt 
modules as they are commonly called* are used as the instructional 
system. All students are given the same module to learn a set of 
objectives from^ and they do this at their own rate. This procedure 
is boring for both the ^'enlightened*' instructor and the Instructeet 
and probably a given "module*' is not the optimal instructional 
system for all students. Although a predominant method of teacher 
education at this time* the modular approach suffers from a variety 
of problems suggesting research in the following areaa: 

1. Examining the effects of knowledge of objectives 
vs. no knowledge on variables such aa student 
learning* teacher organization* motivation » 

and the like. 

2. Examining questions relating to the exploration 
of organizing content and its effects on learn- 
ing vs. organizing cues or (mathemagenic be-' 
havior) during instruction with whatever content 
is in use. 
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3. Queatioos involving the entire area of 
reliability* validity* and n^aaurement of 
criterion-based materisla in modular fom. 

4. Questions relating to participant ivotivation 
in modular instruction. 

Other approachea to individualization of instruction include 
attempts to match method with learner aptitudea or **tralta." 
Cronbach (4) defines aptitude as any human characteristic that in* 
fluencea learning. Tbia definition vould include affective* cog- 
nitive or paydiomotor characteristics. 

In the research on this area» alternative treatments are 
aelected which are deaigned to prowte a certain type of learning. 
Each treatment ia analyzed to determine what cogniti'gre factora or 
other traita might facilitate learning. These relatlooshipe are 
hypothesized and tested. 

An example of this line of research in teacher education is 
the M. L. Koran (11) work. In this work it was shown that teacher 
tralneea, including a science samplet could be assigned to instruc- 
tional treatmenta corresponding with l^w they learned beat. Thus^ 
optimizing learning for individuala with specific charecteriatics. 
liiese atudies have shown the efficacy of eicploring this entire 
area with regard to acience teacher training. Carried to ita logical 
and practical conclusion* acience teacher traineea could be assigned 
to training methods on the basis of how they learn moat efficiently 
and proceed through a teacher training program by studying instruc* 
tional materials which are congruent with their own learning pat- 
terns (inductivst deductive^ visual, verbal^ etc.). A almilar 
tracking system could be used to train teachera for different roles 
(14). 

Needed Research 

1. Replication of earlier study in teacher training 
with both cognitive and affective (tfyera Briggs 
type indicator) "aptitudea.** 

2. Exploration of a wide range of alternative in<- 
structional treatments designed to achieve 
similar objectives. 

3. Studies of the preaent school organization to 
determine ways and means of Implementing a 
differential staffing based on different skills 
or roles. 

4. Psychometric research to develop instruments to 
measure aptitude. 
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I hwe attempted to show here In very abbreviated farm aooe of 
the practical conditlocs and research benefits of operatlonallzing 
Inatructlonal goals and expanding the character of prograu In sci- 
ence teacher education. In the pMt» teacher educatora have opera- 
ted on a continuum fron some level of specificity to some level of 
aablgulty. This has not permitted effective teacher training or 
research. With the movement towards accountability » a positive out* 
coma may well be an expanded research horlson» slnea this movewit 
will require specification of outcomes* attention to methods to 
achieve them» and an emphasis on evaluation. The type of context 
for teacher training programs described* and the types of products 
desired as outcomes of these programs suggest that tha two sets of 
endeavors are highly congruent and that the future will see an em- 
phasis oa excellence* training experience with a vide range of 
clients » and practice supported by research. It la probable that 
what has been taking place is not entirely **bad" or ineffective* 
but rather what will take place vlll occur after testing and demon* 
strated effectiveness. 
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SEOONDA&Y SCIENCE TEACHER EIHICATION: WERE ARE WE GOING? 



Leslie W* Trowbridge 
University of Northern Colorado 
Greeley* Colorado 



I have chosen to answer the question posed In the title of this 
paper by emphasizing several areas or trends which appear to be thrust- 
ing thea&elves forward in thia period of revolutionized teacher edu* 
cation practices. To gain a perapective in analysing this problem I 
should like to refer to the role of the secondary teacher as I per' 
ceive it for the future. 

Traditionally* the teaching task was limited. The teacher was 
a purveyor of knowledge* an organiser of facts* a dispenser of in* 
formation. These were his main commitments. In addition* the good 
teacher developed love of learning and focused the visi^em of his pupils 
on lofty goals. Today *s teacher has taken on additional reaponsibilities 
of part-time parent* counselor* and companion. His role as an educator* 
however* remains with even greater emphaais but the total task has 
grown. 

Some of his tasks iray be eliminated or minimised In the future. 
It la lesa likely that he will be saddled with tasks of money collec 
tion* food dispensing* inspector of health* director of public enter- 
tainment* supervisor of detention* and curator of records. Recognition 
of the real role of the teacher as that of a developer of youthful 
minds will bring into proper balance the asaignment of teaching tasks* 

Teachers are educators* not educationists. Their competencies 
are with children* not with theoretical designs for education. William 
Burton expreased their rolje as follows: "Teaching ia not a routine or 
rule of thumb proceas. It is a genuine intellectual adventure. Teach* 
ing demands the ability to adapt boldly^ to invent* to create procadurea* 
to meet the ever-changing demands of the learning aituation. Contin* 
uous Imaginative anticipation of the mental processea of the learner 
is neceasary. The ability to keep subtle and intricate learning pro- 
cessea moving toward deairable outcomes without domination or coercion 
doea not result from training and devices and tricks of the trade" 
(2). 

In the new mode of teaching there will be a shift from dispenser 
of knowledge to director of inquiry. The teacher will transfer from 
primary information source to co-diacoverer with students. Processes 
of telling will become questioning* and techniques of inquiry will 
reign over accumulation of factual knowledge. 

Managerial skilla becoine important. How does one help a class 
identify problems for study* accommodate individual differences* 
motivate the unexcited* plan the logistica of individual experimen- 
tation? How does one keep the goal in sight* overcome frustrations* 
know when the solution is reached? 
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What about evaluation? Can one teat for laquiry eitlll develop- 
WQt? Vbmt knoviedgea are «liilaal7 la the student xeaily for advance* 
sent to higher levels of learning? ihe eooplexltles of tSbm problem 
seett large. The teacher in hia new role wist be a uster teacher. 
His training oust be outstanding. Be muat have a auperior graap of 
subject matter. Be vnst be cognisant of the beat teaching techolquea. 
Be mat be labued with the eplrlt of inquiry himself. Be vieva teach- 
ing as a conplex art» a sophiatlcated interchange between the teacher 
and the pu^il. 

Teacfaera prepared for theae rolea do not happen by accidents 
Their training In colleges and universities vuat emphasize theae very 
traits. To guide inquiry learning* a teacher must be an inquirer. 
DogpMtlc content couraes do not promote inquiry, experimentation may. 
Dogpiatlc content courses do not engender skilla and diacovery teach-^ 
Ing. Opportunities for creative plannlnft» teaching by inquiry* and 
Inductive methods must be present. Laboratory oriented clasaes may 
tend to develop theae competencies. 

The practice teaching experience win become increaalngly Impor- 
tant. Cloaer liaison will need to be practiced between methods In- 
structors» supervlsora^ and clasaroom teachers. Ftuatratlona brought 
shout by differences between theory and practice* dlfferencea in 
philosophy* and poorly coordinated programs need to be minimised. 

The role of the teacher la complex — student* educator* reseercher* 
counselor. All these and more are roles played by the teacher In hla 
dally activities. A balance la needed cmong these various facets. A 
hl^ level of competence la required In each. 

We are presently In a period of over^supply of teechera. In terma 
of the job market we are back to the conditions of the late l930*s 
and l940*s. It Is conoum for five or six people to be aearchlng for 
every available Job. We are In the midst of a tightening econoogr as 
far as budgets for education Is concerned. Because of thle the aias- 
ter^s degree Is not necesserlly an advantage for a beginning teecher 
and frequently la a detriment. To aacure a job in thla coaq»etltlve 
market small things make large differences. The shlllty to handle 
a club or other type of extra-curricular activity* a background of 
experience In trevel* and hobbles pays dividends in securing that 
first job. I have made it a practice In dealing with ny secondary 
methods students to require from them a rather detailed resumd of in- 
formation on their experiences with children In experiences besides 
prectlce teaching; in their hobbles* reading hablta* and travel and 
other special abilities which they can cite. I know from personal 
experience that reconmendatlons which I have written containing this 
practical information have made the difference between aecurlng a Job 
and not securing one. We In the teacher trelnlng institutions are 
obligated to emphasize to our prospective teschers the need for maxl*" 
mlzlng their talents and coonmnlcatlng to principals and superintend*- 
ents their abllltlea In an effective manner. 
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Me have read and heard mxdti in recant years of Increasing the 
level o£ huMniatic sodes of teaching in the claaaroom. The Ivpetua 
for this has been serious exposes of conditions in sone of our class- 
rooms 9 particularly in the Inner-city as cited by Charles Silber In 
Crlais In the Classroom and others. It la rapidly becoalng apparent 
that if children In science are to reaaln Intereated participants in 
this aost vital area of knovledge* SMethtng vist be done to Improve 
our quality of teaching so that we can avoid turning these students 
away. We have an Important role in the teacher traiotiig iostitutions 
to convey this perspective to our beginning teachers. Success in teach- 
ing depends on good atudent<-teacher rapport «ore than anything else. 
There must be developed a feeling of mutual trust between the teacher 
and his students. 

In many cases the experience of students may have been that of 
subservience to a rigid diaciplinary teacher who twght in a very 
mechanistic way and showed poor human qualities. To overcome this, 
the new teacher should Invent ways to stlanilate mutual trust, under- 
standing* and dependability* and to find ceesons to talk to students 
about their activities* interests, athletic events* travela* and other 
matters of personal concern. He should display human characteristics 
of love* sensitiveness* honesty* and kindness* and do everything pos- 
sible to treat all of his students impartially and fairly. He must 
try to de-emphasize competition for grades and attempt to develop an 
inner motivation* encouraging students to carry out the activities in 
his science classes because of the satisfaction they gain In being 
successful* 

The teacher must try to enlist the help of parents. The majority 
of parents are concerned about the education of their children^ It 
is true that there is a email minority not interested In the way their 
students perform at school. They may feel that education for them is 
a waste of time* but the vast majority feel otherwise. The teacher 
may make phone calls to parents to commend their children for success- 
ful endeavors and to ask thsm for assistance when probleas arise. He 
may invite parents to school by setting specific appointments with the 
parents at mutually convenient times. 

The teacher should try to think of each student as an individual 
with personal feelings and aspirations. Respect his inciividuality. 
Credit him for his maturity. Try to lead rather than coerce. Build 
on his successful gains and foster an adult relationship. Secondary 
school students frequently respond favorably vhen treated aa adults. 
Teachers should indicate that they expect mature adult behavior. Do 
not expect miracles* but look for rather slow changes in development. 
If teachers expect the best from high school students » most of the 
time they will get it. 

It is becoming evident around the country in the teacher train* 
ing institutions that emphasis on early contact with pupils is gain- 
ing popularity. The old objection to permitting younger students who 
have not been through the complete gamut of course work* methods work^ 
and practice teaching to have contact with students in the high schools 
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Is gradually fading away. The Ideas of internship^ intlaata contact 
in the classroom situatiw and vorklng vltih children at a stage vfaen 
young people are aaklng op their minds aa to their potential careers 
in education are considered to be more Inportant. 

In our own school «e hanre instituted a course in science education 
entitled "Introductory Science Field Experiences." In tiiis course 
prospective teschers^ as early as their sophomore year» are encouraged 
to gain teacher aide experience in tha public schools of nearby tome 
snd cities. In these experiences they tutor children^ assist the 
teacher in planning and rai^ord keeping* tsike children on excursions^ 
occasionally do small group teaching* and infrequently may teach the 
vfaole class. This experience may be done tvo or three tinea before 
they tsike the regular course In methods of secondary science teaching 
and before their regular practice teaching assignment. Ve are finding 
this to be s successful route to student teacher encoursgement and to 
the foimation of suitable habits in tha teaching aituation. 

An additional influance coming into the foreground at the present 
time is that of increaaed attention to learning theory particularly 
of Combs* Haslotf* Bruner* Rogers* Fiaget and others vho mifHtit be 
classified as third force psychologists. The influence of thaae in*- 
divlduals is becoming felt through attention to vare humanistic teach- 
ing and also through recognition of acme of the limitations of children 
and the naturational stages through which they pass. As an example* 
while Fiaget's findings have largely been applied to the elementary 
school level* we have hsd a recent research atudy done by- some of our 
doctoral candidates concerning the transition from epnprete operational 
to formal operational thinking at the Junior high and senior high 
levels (1). In this study more than 400 Junior high and senior high 
students were interviewed and given a series of Fiagetian tasks de- 
signed to differentiate between concrete and formal operational think- 
ing. The findings show that there is s significant relationship between 
Scholastic success of eighth* ninth* tenth and eleventh grade students 
and their performance on the Fiagetian Task Instrument. Students 
described as formal operational received higher grades in science than 
non*-formal students. Fiagetian cognitive development* a physiological 
as veil as psychological process* appears to be a major factor in 
determining grades received by science students. 

A significant relationship was found between intelligence quotienta 
scores and performance on the Fiagetian Task Instrument. Junior high 
school science students showed a .28 correlation coefficient between 
intelligence quotient scores and performance on the FTI. Senior high 
school science students showed s .^i correlation coefficient. No signifi- 
cant relationship was found between sex of the students and their per- 
formance on the PTI. Apparently boys and girls develop at an equal 
pace from the non-formal to the formal operational level. 

The findings of this study indicate at certain grade levels and/or 
subject areas pxiblic school science students who demonstrate formal 
operational logic tend to receive higher grades than non*-formal opera- 
tional students. Ferhaps in science* instruction should be designed 
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for students are in the various stages of cognitive development. 
Lower grades received by non'fonnal operational students may be due 
in part at least to their cognitive developmental stages over f^ich 
they have little control. 

A significant implication of this study can be directed toward 
teacher training institutions. Individuals preparing to teach Junior 
or senior high school science should develop an understanding of Piaget 
and develo{Hiiental theory to aid them in providing better instruction 
for students in science. 

If the cognitive development stages of students help determine 
their scholastic success in science, then teachers should be kitow- 
ledgeable in the methods of assessing cognitive development. The 
ability to properly determine students* cognitive levels is necessary 
for effective planning and sequencing of science instruction. 

Considerat>le attention is being given these days to matters of 
individualizing instruction. Where in our teacher training institutions 
are ve giving the skills and cOTipetencies needed to handle instructicm 
in this mode? Unfortunately, most of our teacher training is geared 
toward the traditional mode of handling mass classes in numbers varying 
from 10 to 50. While these techniques are Important and need to be 
taught, we must st the same time be providing the skills to handle 
the newer modes of teaching. The recent NSTA publication by Henry 
Triezenberg entitled Individualized Science: Like It Is is a good be- 
ginning toward the assemblage of materials to use in methods classes 
to meet this growing need (4) . 

Many of the problems faced by science education today are mag- 
nified several fold in the inner cities of our large urban comminitias. 
Since a large fraction of our potential teachers will ultimately be- 
come teachers in such communities, we are obligated to provide experi- 
ences that will prepare them for this rather unique type of science 
teaching. 

What are the special problems of teaching science in a highly 
urbanized community? Much has been heard in recent years about the 
problems of teaching science in what sometimes has been called the 
ghetto. The inner-city of our large urban centers frequently is made 
up of minority groups scattered about in their various comntunitien 
within the city. Children of these groups are attending schools often 
more than SO years old. The schools are out of date in terms of their 
structure and the congestion surrounding them forms an extremely 
difficult environment for teaching science. 

It has been estimated that 70 percent of the population of America 
lives in only four percent of the land area. This means that a very 
high population density is found in the large cities. Our concept of 
a pastoral America is largely outmoded. Yet the children being edu- 
cated in the cities must develop a sense of ecology, of the inter- 
relationships between organisms and their environment. If they are 
to develop this sense * they must do it in the context of their Immediate 
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conmunlty. These children camot all be transported to the country 
to view rural America and even If they could. It would not be a 
realistic learning experience for tbeni because It Is not their honte 
nor the covmnunlty in which they live, it Is necessary to develop real 
meaning and understanding about the environmental probleme of living 
in a large city. Most of these conditions are man-made, but they are 
no less Important and vital to the growing yoxtng person and to the 
development of his concepts of science. 

Many times the urban student Is thought of as being under-privileged* 
At first glance this may seem like an anachronlam when one considers 
the varied resources In the city available for educational development, 
but In many cases because of poverty, extreme provincialism, racial 
prejudice, and many other reasons, students from minority groups in 
the inner-city are In fact un4er-prlvlleged. The resources for them 
to leam about science in their homes are minimal. The Interest and 
motivation to probe Into scientific probleme and Issues Is lacking. 

In addition many of these students have poor seXf-concepts. They 
have been told they are deprived. Attending their schools may be 
adolescents of more affluent middle class families of different back- 
grounds. The minority student may get the Impression he Is a second 
class citizen. Because of national origins, problems of language are 
very Important. Even middle class English usage may seem like a foreign 
tongue. Often tests which are frequently highly verbal tend to dis- 
criminate against the urban student because of this factor. 

An Important k^y to success In teaching science effectively In 
the inner-city is to devise methods of breaking the cycle of frustra- 
tions students fre<^ently have. Many of them have been unsuccessful 
at coping with school work in a rigid system and have developed nega- 
tive attitudes. The climate for learning must be Improved. Creativity 
should be encouraged. Students should be recognized for their creative 
talent. *The teacher should begin with things of Interest to pupils 
and allow divergence to exist. The student^s need for success must 
be served. His Image must be changed from one of low status to one of 
high status. This can be accomplished by showing appreciation for his 
efforts. 

Students who intend to teach In urban areas or Inner-clty schools 
ere advised to seek out practice teaching experiences that will give 
them the best possible preparation for such an assignment. This might 
Involve student teaching In a school similar to the type they wish to 
teach in ultimately* 

As an example of a situation providing the type of relevant ex- 
perience needed In this situation, the University of Northern Colorado 
has developed an Innovative plan for qualified Juniors and seniors who 
are preparing to teach in the secondary schools of the Inner-clty (3). 
Participants In the program spend much of the first four weeks of the 
quarter engaged in concentrated study In areas of concern related to 
specific course offerings. Emphasis throughout the program la on 
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preparing prospective teachers for working in urban schools \^ose 
populations are composed of children from culturally diverse back- 
grounds. At the same time it is recognized that there is more to 
developing teachers for inner-^city schools than singly making them 
aware of the cultural differences among the children they will be 
teaching. The teacher's positive self-^concept and feelings of ade- 
quacy to meet his own needs and those of his students form the basis 
from which he can function effectively as a teacher and must be taken 
into consideration in any program for teacher preparation. 

Methods used in the program include team teaching, seminars con- 
ducted by key personnel from schools and community agencies, and trips 
to the inner-^city to discuss issues related to urban education with 
representatives of community groups. 

Other activities which are included in the field experiences 
include the following: 

1. A six-week live-in experience which is one of the 
most Important aspects of the program. Whenever 
po^ible and with the consideration of the student's 
needs and wishes, housing for the participant is 
arranged in the city with a family whose life style 
is significantly different from that of the student. 

2. At least one half of each day of the six weeks period 
is spent working with children as a teacher assistant 
in an urban deprived school of the participant's 
choice. Work in the school is under the supervision 
of experienced, highly qualified school personnel. 

3. Additional time is spent actively participating 
in the work of public and private agencies in the 
community so that the students gain a greater under- 
standing of the social groups that make up the 
community. 

4. Seminars are coordinated with both types of field 
experiences in an effort to provide a basis for 
solution of the sociological, psychological, and 
educational problems encountered. 

Ebesults indicate that students trained with a plan such as de- 
scribed above enter the teaching profession and seek out communities 
similar to the ones in which they did their practice teaching. The 
background of personal experience at a practical level which they 
have secured in their student teaching enables them confidently to 
attack the problems of teaching in the inner-^city. 

Another factor to be considered in the teacher training insti- 
tutions for prospective science teachers is the ultimate impact of 
the National Assessment of Educational Progress. Tliis program has 
been in existence about nine years and is designed to learn what 
children know at ages 9, 13, 17, and young adult levels. At this 
stage about a half dozen subject areas have been assessed or are in 
the process of obtaining data and another half dozen are in the 




planning atage. The data for science^ citizenship^ writing^ and 
reading shew amazingly homogeneoua reaulta and aimllarities. The 
breakdowna in the analyais of data by region^ aex» color^ aize and 
type of conuLunlty^ and parental education indicate that in all of 
the aubject areaa theae factora appear to have a aimllar influence. 
That is to Bay» whether it be acienc«» reading^ citizenahip^ writings 
literature^ or conceivably any other subject^ studenta who are blacky 
female^ children of parents with leaa than eighth grade education^ 
living in the inner-city» in the aoutheast^ tend to be low on all of 
theae measures. On the other hand» children of well educated parents » 
of ittiddle-claaa commmitiea^ White» auburban» and living in the north" 
east tend to be at the other end of the scale. 

Thia information muat be made available to potential teachera. 
There muat be a more complete awareneaa of the effects of region^ 
sex» color, aize and type of community » and parental education^ and 
teacher training institutiona must td^ the reaponsibllity for attempt- 
ing to analyze and seek out posaible aolutiona to theae dlsparitiea 
in educational level and performance diaplayed by the National Asr^aa- 
ment resulta. 

In addition^ the National Assesament exercises have imcovered 
a mlaplaced overemphasis on knowledge of a factual and conceptual 
nature^ whereaa the areas of proceaa, akills, attitudea^ and intereat 
development have been minimized. As an illustration, in the firat 
round of the science asaeaameht 67 percent of the exercises tested 
knowledge of a factual and conceptual nature » 21 percent dealt with 
process akills» 6 percent dealt with underatandlng the inveatigative 
nature of science^ and 6 percent dealt with attitude and appreciation 
development. 

A significant trend in recent yeara concerning preparation of 
aecondary acience teachera la the thrust toward competency-based 
teacher training. More than a dozen atatea at the preaent time 
have some type of legislation requiring thia type of approach to 
teacher training. Many problems are inherent in thia» and it la im- 
portant that teacher training Institutions give their full attention 
to it. What akilla doea a teacher need? How doea he gain theae 
akills? How doea he internalize them? How can these akilla or com^^ 
petenciea be evaluated for certification purpoaes? How can the 
'Vhole teacher" be produced In order to avoid fractionation and over** 
emphaaia on highly apecific skill competencies? How can the tradi- 
tional credit-block syatem be circumvented? All of theae and many 
othera are questions that need to be answered in the near future. 
Because of the emphasia on accountability in our achoola at the 
public achool level and alao in the collegea» the competency^ ased 
teacher training system will become an even more important aspect 
of teacher training. 

One further point Which to thia moment cannot be discerned aa 
a trend but in tny opinion la one which needs to have considerable 
attention. Some yeara ago a study of elementary and secondary teuch^ 
ing in Colorado was done by our ataff at the University of Northern 
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Colorado. Ic was found aC chat time chat over 50 percent of the 
teachers in the state had less than five years experience. This 
suggested a number of things, one of which might be that there is 
an extremely large teacher turnover in the first five years of 
teaching. Either teachers are moving out of the state for better 
paying Jobs in other places or they are leaving the teaching pro*- 
fession. Because of our concern that the latter might be true, we 
have thought that a system should be developed in Which beginning 
teachers in their first year could be given extra special attention 
through a visiting supervisor from their teacher training institution, 
by the use of a buddy system or a big brother system in their own 
school district, or soine other method that would assist beginning 
teachers to overcome some of the frustrations and problems of adjust^ 
ment inherent in the first year. It is well known that beginning 
teachers are at the bottom end of the totem pole and are frequently 
assigned overloads and distasteful tasks Just because they are new 
and eager. This system works to the detriment of the total school 
because the highly qualified, creative teachers who will ultimately 
become master teachers are discouraged from continuing. This aspect 
of follow-up which should be considered as an extension of the teacher 
training program is one that has considerable potential and should be 
developed ±u greater detail. 

Observation of the great variety of teacher training modes 
extant about the country Indicates that a great deal of e3q)erimen- 
tation is going on and one might view this in a highly optimistic 
light. Certainly the old established traditional methods are being 
subjected to critical analysis and scrutiny. The special problems 
involved in today^s teacher training, particularly in a period when 
science is receiving a de-^emphasis is producing caicern among trainers 
of teachers. I am particularly happy to have the opportunity to 
participate in this panel at the NARST meeting to discuss the problem 
of Secondary Science Teacher Education; Where Are We Going? The 
ideas brought forth at this conference will undoubtedly bear fruit-^ 
ful rewards in the near future. 
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SCIENCE^ SCIENCE EDUCATION, AKD THE FUTUBE: 

CONCERNS AND SUGGESTIONS 

Victor D* Morris 
University of Maryland 
Baltimore* Maryland 



It is important that we continually escamine alternative direc- 
tions for secondary school science teacher preparation* It seems 
of equal importance at this time that such an examination include 
considetation of the much broader educational^ social and political 
contexts within which such alternatives would hove meaning* Within 
this broader context we also need to re-examine the traditional roles » 
relationships, and responsibilities of science and science education 
to each other and to education as a whole» and make deciaiona about 
what these should consist of in the future* It is quite probable 
in light of the rapid changes which are manifest in so many other 
societal aspects^ that change is needed here as well* 

Even with all the change and confusion of the modem world » che 
scientific enterprise as a viable organism is doing Just fine* Sclen-^ 
tific and technological output and the nuniber of scientists and en- 
gineers in the Job market both seem to have been increasing exponen*^ 
tially for the past 150 years or so» with^a doubling time of 12-15 
years (1)* This increase seems not to be depending very strongly 
on changes in pre-college science education^ since the greatest 
change in that area didn^t occur until the early 1960*s* Thus far 
it seems to be feeding on itself, or to put it another way» every 
time a scientific model Is outmoded » the one which replaces it is 
seven times as powerful* Growth begets growth* 

Although the discoveries of science and the inventions of tech- 
nologists have had a disruptive effect on mankind for a long time, 
it has only been since 1940 that the scientific phenomenon has begun 
to be viewed as both benevolent benefactor and potential destroyer 
by a significant and growing number of people* At the present time 
there seems to be an even more rapid growth in anti-science and anti" 
intellectual attitudes among young and old alike* which is being ex~ 
pressed in a nimkber of ways* Some of the more obvious examples can 
be seen in such simple things as the booming interest in astrology; 
an increasingly bitter attack* both verbally and physically, on the 
scientific comnninity regarding its relationship to the Military- 
Industrial Complex; and in recent cut-backs in government funding 
for basic scientific research and continued space exploration* 

Perhaps this anti-science feeling is not totally unjustified* 
Perhaps there is a rational base for many of the criticisms* It 
is certainly true that a great many of the scientific advancements 
of the past thirty years are very closely tied to a series of crises 
which have affected both society and the individual *in a variety 
of frightening ways* 
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Witness the reality of a nuclear age» with drastic iiomediate 
consequences for hundreds of thousands of Japanese. During the 
1930*6 the theoretical framework for splitting the atom was avail- 
able » but the necessary looney for very expensive empirical verifica-^ 
tion of those theories was not. The federal government vas the most 
likely source -for the funds. The scientists faced a critical need» 
and the government was faced with the reality of World War II. The 
nuclear age dawned with an abruptness and a horror that has not yet 
been fully asalxollated and may never be forgotten. Thus far all the 
humanistic utilizations growing out of that situation have not suc- 
ceeded in overcoming the initial damage done by the bombs. From 
this time on the scientist could no longer be viewed by society as 
a harmless individual who liked to putter around in a laboratory. He 
could even be dangerous. 

The advancement of science was by this time an extremely expen^ 
sive undertaking. By the middle l950*s there were again many theo^ 
retical cdnstructs in the sciences which awaited either verification 
or rethinking due to lack of sufficient funds for experimentation. 
Then came another fortuitous crisis in the form of Sputnik. The 
intellectual approach to fund-raising hadn*t been working well enough^ 
but the threat of any eiien^ satellite carrying nuclear bombs and/or 
canisters of germs over our heads turned out to be a veritable mother- 
lode for the scientists. We had to be first on the moon» and had to 
build bigger and better and more powerful ICBH*s and nuclear war- 
heads and develop more potent biological organisms. This undertaking 
would call for more scientists and updated science programs at all 
educational levels. 

We have Just passed through a **po8t*Sputnik'* period of fifteen 
or so years of intense activity aimed at improving science education 
at all levels. The curriculum projects developed and Implemented at 
the pre-college level during this time were based on a perceived need 
for new science content which would lead to increased understanding 
of recent advances in scientific concepts and principles. Central 
to the nefw curricula was the advocated t^fc hing approach of having 
children learn science by doing science manner similar to that 
in which scientists themselves did scieni 




Although the new curricula were devqioKd fairly quickly » the 
greatest problem arose in terms of their loplementation. Massive 
In-servlce programs were provided to prepare teachers who possessed 
the desired philosophy^ teaching techniques^ and knowledge of the 
subject matter itself. Science Educators at the university level 
restructured their science teacher preparation programs to prepare 
new teachers for the new curricula demands, iy the time the smoke 
began to clear » it was apparent that a large number of the new cur-^ 
ricula were being Implemented in some way by teachers with little or 
no specific preparation^ but simply out of necessity since their 
school districts had adopted the new curricula across the board. 
At the same tlme» prospective secondary school science teachers who 
had been specifically trained to teach in the ntw science curricula 
found quite often that they had to accept positions in locations 
which did not offer the new curricula as an option. 
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It l8 unlikely that the new curricula contributed much to the 
sdvanceaent of science during this time. As late as 1970 It Is 
doubtful that half of the students entering college had experienced 
one or more of the new science programs. There la also little » If 
any» supportive evidence that the new curricula are any more effec* 
tlve In preparing atudents for college-level science than the old 
curricula were. 

It Is unfortunate that the vaat effort aimed at improving pre* 
college aclence education didn't reault in any large changes in 
university^level science programs. The machinery was somewhat new» 
of courae» and itK>re advanced concepts were presented earlier in the 
curriculum^ but essentially it was business as usual with very little 
emphasis on improving science education^ particularly for the non-* 
aclence major. Without postulating a cauae^ffect relationahip » is 
it poaalble that more anti-scientists are currently being produced 
than are scientists? (3) 

Overall » science does not seem to have suffered greetly during 
this time whan measured in terms of an increase in the muvber of 
Ph.D's in science and the amount of new science knowledge baaed on 
the number of research reports published. Indeed there may be too 
many scientists being produced today if you consider the nunft^er of 
new Ph.D*a in science who can't find work for which they are trained. 

During the late 1960 *s many segments of our society began to 
queation the continued outpouring of billions of dollara for improved 
weapons systems and for sending men to the moon. While the space 
program greatly increased acientific knowledge about the universe 
and the solar system in particular and had many poaitive side bene* 
fita for mankind in terms of space mediciiie^ microminiaturization^ 
and materiala science^ people want to know why out technology can*t 
provide them with automobiles and washing machines that don't con- 
tinually break down. They are asking why billions of dollars are 
being spent to develop man-kUling germs while so many people live 
in psychological » educational^ and economic poverty^ These seem to 
be awfully good questions. 

There was alao a decline in the amount of monetary support for 
scientific research and science education over the last two or three 
years of the 1960 *s. Is it only coincidence that more and more 
people^ led to a large extent by scientists^ have recently begun 
expressing strong concern about an "ecological*' crisis? 

The ecological crisis differs both qualitatively and qutm-" 
titatively^ however^ from the two crises described earlier. It 
differs qualitatively because it does not result from an outside 
enemy against whom the country can stand united. Thia crisis la 
a result of what people have done with the scientific and technology 
leal knowledge available. It has become very apparent that scien-^ 
tific endeavors and their technological counterparts are definitely 
not neutral in effect » but must be handled with extreme care. Ttiere 
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sre even nuitterings from here and there^ growing louderi that much 
more control needs to be exercised on the scientist in terms of 
what he will be allowed to investigate. (Let's face it| a lot of 
people reslly didn^t experience much psychic joy in seeing s man 
land on the moon^ and most people ylll never experience » through 
scientific endeavors » anyway » the emotions of a Watson or Crick or 
Feynman. The fruits of sciencei bought with the public dollari sre 
beginning to taste bitter indeed.) 

The ecological crisis is qusntitatively different because of 
its magnitude and complexity. It likely won^t be solved as simply 
as the development of a superbomb or the engineering of a space walk. 
It cannot and will not be solved by purely scientific and technological 
means. It must be recognized as a **people problem/' and thus one 
Which is not likely to be solved without serious consideration of 
the social I psychological » educations! » snd politics! environments 
of mankind. 

It is sad» but probably true» that our world today is so delicately 
balanced that we need to be very careful about our future actions. 
What we need to do is to determine just what the survival rules arei 
and mak^ sure thst enough people understand those rules. Eesponsi** 
bility ^or the Istter seems to be the major responsibility of our 
schools. It is doubly unforcunate at this particularly critical 
point in time that the job is not getting done. 

Potent voices have been raised recently in which educational 
problems have been raised and possible directions have been suggested 
to help alleviate those problems. Hurd identifies some of the 
science ^"related problems as follows: 

1. How can we develop ways to learn and manage 
large amounts of new knowledge? 

2. How can we take advantage of the power of 
theoretics! knowledge and^ at the same time» 
provide information on the practical problems 
of the "real world"? 

3. How should we prepare young people for a life 
of radical change in which the psce snd depth 
of change are accelerating? 

4. How do we develop people Who are attuned to 
change I and who have qualities of versstility 
and adaptability? 

Essentially these problems involve educating for Instability . (2) 
(under-scoring mine.) 

In Designs for Progress in Science Education (5), we find: 

It is evident thst we must prepsre our present students 
for life in a society the nature of whichi to s large 
extent I we cannot predict. We must^ therefore » ensble 
our students to accept and adapt to constant change. 
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to ^rely upon the broad conceptual schemas of 
science and upon the processes of 3cienca» and 
to form habits of interdisciplinary thinkings in 
order to make these adjustronts. (Underscoring 
mine.) 

Before we move to design and impleiDent educational programs 
which are intended to '^educate for Inet&bility" or to "enable our 
students to accept and adapt to constant change^" perhaps ve should 
consider other alternatives. One such alternative would be to design 
an educational eystem which would enable students to actiulre decision* 
making skills about what kind of chanftea will be valuable^ and how 
rapidly those changes will be permitted to occur. Producing action-* 
oriented and trained individuals in the latter way seems more likely 
to result in an environment of healthy^ controllable changes than 
would result from an «^roach which emphasizes passive acceptance*' 
of change. 

Alvln Toffler said it very well in fiiture Shock (6) and many 
other sources are currently raising valid and meaningful objections 
to the uncontrolled impact of accelerating applications of scientific 
knowledge on our livea^ resulting in rapid changes which neither in** 
dividuals nor societies can understand and cope with. 

What does all thia have to do with science education? Scien- 
tists and technologists have generally gone about the business of 
advancing science and technology » with very little attention being 
paid to the resultant effect on people. Far too many of the pre- 
college science courses in the past seem to be designed to support 
science and far too few seem concerned with people. More and rnore^ 
people are beginning to recognize the disparity that exists between 
the supposedly **neutral" quality of scientific endeavors and the 
effect of application of scientific output on society. Many now see 
a technologically dependent society \^ich is being increasingly viewed 
as harmful to both the psychological and physical health of mutkind. 

Perhaps we in science education have become as egocentric as 
scientists and technologists are perceived to be by many people. 
The Educational Policies Commission in Education and the Spirit of 
Science (4) concluded ^in part: 

To coimminicate the'spirit of science and to 
develop people*s capacity to use its value should 
therefore be among the principal goals of education 
in our own and every other country. 

This seems very presumptuous on the part of science educators - 
Suppose that the values scientists hold of science are not the same 
values as are held by most people. Not only is there a queetion of 
whether we cag, impose the values of science on everyone^ there la a 
deeper moral question as to whether we ought to do so. Certainly 
at the very leasts the matter requires further thought. After all» 
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Just because the basis for scientific validation lies with experimental 
verification of theories > human values are not necessarily so restrict** 
ed (or d^endent) . 

Perhaps it is time for scientists and science educators to assume 
a different role from the customarily recognized ones of doing sci** 
ence and teaching science. Perhaps in ooncen^.rating our energies 
at this time on such a thing as environmental science or unified 
science or a K-12 science curriculum we are unnecessarily restrict- 
ing our vision and our c^abilities. It is also quite likely that 
such efforts will be insufficient in light of the nature of the problems 
facing us. Can wsi as science educators > continue to bury our heads 
in science-type sand and hope that the recipients of an education con- 
sisting of an unrelated series of specialty-oriented experiences will 
somehow be able to integrate those experiences into a meaningful life 
style? .. ... 

What would happen if we collectively decided to cut science 
education free and allow it to "float*' on the educational market 
while We devoted our efforts toward reassessing and planning for a 
total overhauling of our educational system? What kind of actions 
mlg^ht we decide to take If our aim were to redefine educational 
policies rather than educational programs of a short-term nature? 
What might the results be if we committed our efforts to cooperative 
involvement with other educators and with other people within a broad 
educational* social* political* and economic context In an attempt to 
fulfill our responsibilities In preparing a survival-oriented society? 

A great many voices are crying out for educational change. What 
seems to be lacking Is sufficient numbers of people willing to commit 
themselves totally to Identifying the Job to be done and then getting 
on with doing It. 

It is suggested here that we* as science educatord demonatrate 
our commitment to bringing about those changes In our educational 
systems and in our society which are deemed most likely to result In 
meaningful future human existence. It is suggested that we move 
directly and actively into the political arena as well In order to 
put our proposals before those segments of our society which have 
the capability of most rapidly effecting the policy changes necessary 
for implementation. 

It seems woefully inadequate at this time just to commit our"* 
selves to preparing secondary school science teachers to teach another 
"band-aid" science course. 

I am Ht least as committed to the development of competency*- 
based teacher training as ere the other coimnlttee members. Before 
such an approach will enable us to maximize our effectiveness* how- 
ever » we need desperately to decide on our goals . We can't do this 
piecemeal. We need to develop a more clearly Identified set of goals 
first* then apply the best method (s) of attaining those goala. 
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SOME TH(H}{XTS AND PROPOSALS IH TEACHER PREPARATIOH 



Robert G. Brldgham 
Stanford Iftilverslty 
Stanford, California 



Introduction 

One predictable feature of planning for school-related programs 
In the next decade Is demographic* The school-age population la 
becoming smaller, year by year, and It will be at least ten years 
before there will be a leveling off* The decline may go on even 
longer than ten years* That could be wonderful news for school men* 
It may ease the financial bind of schools* As school tax bills hold 
steady or drop slightly, tax payers may take a less critical stance 
towards *'add-onS" In school programs and we may find mor« adventur- 
ing* As buildings are closed and staff are reshuffled within dis- 
tricts » the chances of Introducing new organizational patterns and 
new currlcular Ideas may be improved. Outmoded and constricting 
buildings can be withdrawn from use now that all our facilities are 
no longer Jammed with students* 

I think It worthwhile to remind ourselves of the positive 
possibilities for education opened up by the decline in school popu- 
lations* If we take a more limited view — that from schools or 
colleges of education — there may be a tendency to see the effects 
of a decline In population In negative terms* It*s easy enough to 
see why a population decline could have serious effects on schools 
or colleges of education^ since we are carried as a kind of over*- 
head on the whole enterprise of schooling. If the enterprise be- 
comes less sizable, then the overhead Is probably going to shrink^ 
too* To the extent that we. I.e. schools or colleges of education, 
are Justified by our training of new entrants to teaching » we will 
almost certainly experience cutbacks* The demand for new teachers 
has dropped fairly drastically and, though teachers* associations* 
Insistence on smaller class sizes may meliorate the situation soma-* 
whatt is not likely to Increase substantially In the immediate feature* 

From the standpoint of an institution that has seen a paid In*^ 
temshlp in teaching as the device for teacher preparation » the 
situation seems even more severe. If openings for newly prepared 
teachers have become less plentiful » openings for Interns are even 
more difficult to find. Those which can he found are often question- 
able training grounds for teaching* When teachers of any kind were 
in short supply » an Institution that could supply a reasonably able 
group of interns had some leverage* It could channel the flow of 
interns to schools that made an effort to so define and support In- 
tern placements that they provided helpful Introductions to teaching* 
That leverage Is gone and only the professional responsibility of 
school people can be relied on to mslntaln the educational value of 
intern placements. Sometimes this la not enough. 



83 



At first glaacet the decline in enrollnenta aeess likely to 
have deatructive effects on schools or colleges of educetion* 
Fetfaaps that's because we looked at the effects that are predictable 
if ve continue to define oiiraelves es ve have in recent yeara " 
prliiarily as teachers of newcCMiera to the profession. But ve^ too* ; 
have a chance to rethink what ve*re about and to reorganize our 
reaources in ways that will be oioat productive for education* So 
the question ia* what are our opportunities in the new situation? 

One significant problem that schools face ia how to adapt school 
prograois to changing demanda when school staffs are baoming nore 
stable than ever. The hope that the introducticm of new* yoitng 
te^riiera into a systen would produce change was always someuhat 
naive; now it looks forlorn. The changes that schools will have to 
make if they are to be effective educational institutions are going 
to be esKcuted by the people who are already there — or they ylll 
not be made at all- What can teacher training institutions do to 
help these people, the experienced teachers end administrators in 
schoolSf recognize where change will be nacesssry and find the appropri- 
ate change to isake? 

Programs for Experienced Teachers 

One model for providing assistance is fairly famlller. Those 
in the teacher training institution diagnose the areas where change 
is needed V design the changes that are thought appropriate » work 
out a training scheme to help teachers and adntlnistrators acquire 
the skills and understandings needed if the change is to be effec- 
tively instituted, and bring the experienced practitioners to the 
teacher training institution for restraining. In medicine this has 
been an effective procedure for keeping practitionera "current.** I 
question whether in educstion the model will be spproprlate* except 
in isolated cases. Hedical training is associated with an institu- 
tion» the teaching hospital* that provides s setting that is bJth 
controlled enough for good research and development and typical enough 
to screen out the impractical. Lab schools are the closest thing to 
an educational counterpart; these have only rarely drawn a student 
population like that of the teaching hoapital (a mix of repreaentative 
cases and hardest cases) and in ^7 case have been slowly vanishing 
from the educational scene. The claims of teacher training in* 
stitutiona to exhibit the *1>est prsctice** are rarely believable since 
the institutions are so tenuously associated with practice of any 
kind. 

One variant of the definition and modelling of '1>est practice** 
has been developed recently and is likely to continue. This ia the 
'*technical akills*' approach to teacher training and retraining. Its 
most publicized forma at the ma^nt are microteachingt minicourseSt 
and competency-based teacher training. In mlcroteachlng and mini- 
courses particular categories of teaching activity that are thought 
to be important elements of **best practice** are defined and modelled* 
and the individual being trained la given the chance to practice 
uaing acts in these categories. In general » emphasis ia placed on 
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getting those trained to the point where » within the practice 
situation* they are producing a large nuniber of the acts in question* 
whether these are relnforceaent of student responses* questions of a 
certain kind* or whatever. Cdmpetency-based teacher preparation uses 
a similar model of success* and defines teacher capacity for **be8t 
practice*' as fluidity of teacher acts in a broad array of stipulated 
categories. 

I don't believe these variants of the define and model approach 
to teacher preparation are adequate for either begimilng or experi- 
enced teachers* but they certainly are useful. They are similar to 
the finger exercises of a musician* or to the repeated sketching 
of isolated elements of the environment that some artists have used 
to extend their facility. There is considerably oore to helng a 
musician* an artist* or a teacher than possession of . a collection 
of isolated skills. However* if you knr; what you're up to and 
where* whent and how a skill is likely to be of use* acquiring and 
extending the skill can make you a better performer. I would be 
much more impressed and optimistic about the recent emphasis on skills 
training of whatever kind if there was evidence that attention hadn't 
been unduly diverted thereby from the question of how skills t knowl- 
edge* and purposft? can be effectively Integrated within the range of 
constraints foand in ordinary teaching situations* 

Indeed^ how^ one works out intelligent adaptations. ^to the chang- 
ing conditipns o^^a teaching situation seems to be the area that has 
been most neglected in the recent past* It is also* I think* the 
one area where the knowledge and expertise resident In schools and 
colleges of education can continually make contributions to the 
preparation of experienced practitioners. Certainly there is no 
reason why schools or colleges of education should be the training 
grounds for the acquisition or extension of defined sets of new 
teaching skills. The success of the minicourses of the Far West 
Laboratory Indicates that the ability to perform novel teaching acts 
can be acquired without leaving the school district* In a form of in- 
service training. While schools or colleges of education are not-so- 
necessary middlemen in the acquisition of new teaching skills* they 
are (or should be) possessed of the most up-to'-date analytic com- 
petence^M| expertise in evaluation* and they have easiest access 
to the I^Bght of the broad academic community. This means that 
schools oAcolleges of education can act as early-formers pointing 
out the in^icationa of new knowledge for school programs before 
those iu^lications become evident to everyone. They can also help 
teachers and administrators to frame questions about their programs 
that will make weaknesses evident and suggest the kinds of actions 
that will repair the weaknesses. 



*An example used by Gage to Justify the Stanford R&D Center *s 
continuing interest in technical skills training. 
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In texniB of tiJB programs that mlgfht be designed » this means a 
cooperative arrangement between school districts and schools or 
colleges of education. A school district could nominate trouble- 
some problems and the staff mentbers vho will be centrally Involved 
in atten^ts to deal with the probleas. The school or college of 
educatl<m could nominate soma movements in the design of school 
programs '* shifts in currlcular ev^ha^iSt in the uses of staffs in 
oethods of evaluation — - that seem likely to \^we broad impact. The 
program focus in a given period would be defined by the overlap of 
the two sets of nominations. The program for the training of the 
selected experienced teachers or administrators would consist of pro* 
vlding them with tools they can use to sharpen their understanding 
of their problems^ of opportunities to use these tools under the 
guidance of the faculty of the school or college of educationt of 
surveys of the resources available that are potentially applicable 
to their problems t of considerations of how these resources can be 
adapted in possible solutions to the problems t and of opportunities 
to design evaluations of the effectiveness of the decisions eventually 
made. 

Let me run through one hypothetical example to indicate how 
such a program might work. The college of education has Indicated 
that one theme that will be explored is how science teaching might 
be expanded to include the uses of knowledge galited from science In 
guiding action. The larger college or university includes some 
faculty mambers in the sciences and engineerlnj;; vho Ate Interested 
in the Interactions of science» technology^ and f$ociety and some 
courses are available that deal \rith one aspect ^r another of these ' 
interactions - 

In this example^ a school district Indicates its {problem to 
be the selection of a new text for its seventh grade general science 
offering. There is fairly widespread agreement that the Junior high 
school science program is Inadequate » and the text selection offers 
a chance to institute changes in the seventh grade part of the pro*- 
gram. Another year of science is required of all students; itiost take 
it In the ninth grade » but some (who are science-oriented) take it 
in the eighth and take a biology course in the ninth- The seventh 
grade science teacher who is spending a year at the college is also 
chairman of the text selection coimnittee that will decidf". on the 
new text . 

During the first portion of the year the teacher learns to use 
a variety of data*gathering techniques; observation of teaching^ 
testing for a variety of outcomeSt survey designs^ Interviewlngt 
etc. He interviews sixteen students in two high schools about their 
junior high school science experiences; likes and dislikes » what 
they^ve since found useful^ etc. The students are selected by the 
aniount of high school science they*ve taken and the Junior high 
teachers* recollections of students* reactions to Junior high school 
science. To determine what the current program is like he inter* 
^iews some of the Junior high teachers: mainly those teaching 
s^enth grade science t but some teachers of the second course as 
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veil. He also gathers a representative satnple of teacher^made testa 
and of teacher hsndouts^ characterizes the demands made in th« exist- 
ing textf and observes a sample of classes. His observations ate 
alternatively "free** and guided by an adaptation of an existing ob- 
servation instruji^nt designed to gather data that seems particularly 
intportant in the light of his other data. He institutes a Delphi- 
like nomination of the important outcomes of Junior high science 
by Junior high teachers, high school teachers. Junior high and senior 
high students, and parents. He asks Junior high school guidance 
counselors to note the counseling problems that are associated with 
science courses. He gathers science data from the school system's 
testing program. 

The data he i^^thers is used to develop a summary of what each 
group currently concerned with Junior high science wants fr<Mft the 
program. The teacher also sxsggests some demands on the program that 
are likely to be made if the uses of science for declsion^nahing 
become a serious curricular goal. He me^^ts with the text selection 
committee and they decide i^ich of the desired program features are 
likely to be much affected by the choice of a text. They work out 
a procedure for rating the texts in terms of these selected features. 
They also work out a way of noting classroom procedures demanded by 
the use of a particular text. With these Instruments the committee 
develops a picture of what might be gained from the use of texts 
that are available or soon to be available, and of the demands that 
the use vlll make on teachers and other resources of the district. 

mien the committee makes its text recommendation it also notes 
program areas that will not be effectively served by the selected 
text and recommends a summer curriculum workshop to develop and 
adopt materials in these areas. The committee report is supplemented 
by a report from the teacher who has been trained Indicating: 

1. troubling aspects of the science program 
untouched by the text selection and recom- 
mending study or action for these aspects, 

2. teaching skills or approaches that may be 
needed to make effective use of the recom- 
mended text and suggestions for teacher 
re-tralning, 

3. expectations of different groups for the 
revised program that sre not likely to be 
realized and suggestions for dealing with 
the gaps, 

4. resources that could be used in the summer 
curriculum worktop, and 

5. a sketch of evidence that could be gathered 
to monitor the success of the text adoption 
and related activities. 
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While this exantple is unrealistic in some ways^ it does sug- 
gest what both school systems and experienced teachers or adminis- 
trators ittight get from the program. The teacher gains an ability 
to bring a variety of accessible data to real problems in meaning- 
ful ways and an opportunity to develop some competence and tmder- 
standing related to significant new ideas in educational practice* 
The school system has a significant problem defined competently » 
some sensible approaches to it outlined^ atid the chance to keep the 
teachers' new competence trained on this or allied problems* IM 
guess (hope) that both sets of benefits will be seen as worth some 
cost» i.e*^ that teachers and sysc^itid wi^uld pay to participate in 
such a program* ' 

What are the benefits tc the school or college of education? 
The faculty will hove a chance to learn how the research techniques 
and principles of program development it commands must be adapted if 
they are to yield useful data In particular circumstances* They 
will also have a chance^ if they maintain contact^ to follow the 
introduction of one variant or another of new designs in school pro- 
grams* For example^ if you believe as I do that science teaching 
will come to include teaching of technological thought and about 
the social institutions of science and technology » one might be able 
to collaboratively design and monitor curricultm devices that attempt 
to do this kind of science teaching* 

Benefits for the Preparation of Beginners 

There is another benefit for schools or colleges of education 
that could be allied with such a program for experienced teachers* 
If the teachers were drawn back for relatively full time study they 
would free a teaching position that can be used for the internship 
of two or three beginning teachers* Proper conditions for these in- 
ternships could be made a pre-condition for the college of education 
— school system collaboration in the program for experienced teachers* 
In this way s portion of a reasonable training ground for beginners 
could be secured* 

It seems to me that an internship does provide a part but only 



a part of the training ground that one would hope for. In an intern-^ 



ahip a beginner finds the full set of demands faced by the practitioner* 
Thus in a sense the internship is recommended by its reality* The 
drawback of the internship is that the reality it represents is only 
one among a wide variety of realities faced by teachers* It seems to 
be difficult for beginning teachers to appreciate how narrow the ex- 
perience of the internship really is* They are not very able to 
imagine how their teaching will have to change as the character of 
their students » or the demands of the subject metter^ or the support 
of the community^ or **. is changed* Thus» it seems to me that along 
with the depth of experience provided by an internship » one would 
want to provide breadth by placing the beginner in a relatively non~ 
demanding apprenticeship in two or three other » contrasting teaching 
situations* I suspect this Is best done during the same time as or 
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ioMdlAtaly after the Intarnihlp •xparUoea* Thus, It could ba dm* 
dorlog • fifth ymn ptofltM although it would tiko oom cartful 
acbaduliog. Uhlla uodargraduAta prograaa bcw tha apparant advanttga 
of achadullng taathlng axporlancaa ovor tvo or throa yaara* iha ad- 
vaattgo My ba an lllualofi if tha Intaraahlp la aa crucial for ra- 
flalog porcaptlooa of taachlos aa I ballava It la. 

Tha avphaata I glva bara to tha ciharactar of taathlng axparlanea 
la taachar training ta baaad on wf bollaf that taacblng la baat 
thought of aa a c , raft * Tha prafarrad mthod for laaralng a craft ta* 
It aaaaa to an apprantlcaahlp. Cartnlnly tha taatlwny of ba- 
glnnara I*va had contact vlth at Stanford and at Harvard lodleatea 
that tha apprantlcaahlp — tha Intamahlp or practlca taachlng — 
la aaan aa tha «>at valutbla alaaant In thalr praparatlon. I ballava 
va*ll ganarata aora affactlva prograav In taachar preparation If va 
' think aarloualy ^ut hov va can naka tha appraotlcaafalp aoat valu* 
abla and ^bout what othar axparlancaat acadaalc or otharwiaat will 
•oat airfianca tha valua of tha apprantleaihlpt Couraaa In aathodat 
in aducatlonal paychology and aoclologyt In taata and aaaauraaanta 
ara not aalf-Juatlfylng. It la only aa thaaa couraaa can raaaonably 
clala to mAm tha baginnar*a apprantlcaahlp a aora adaquata praparatlon 
for taathlng that thay daaarva a placa In a prograa of taachar train- 
Ingt 

Thara ia a potantlal baneflt to running both tha prograaa for 
ejcparianead and beginnlfig taachara vlth tha avpbaaaa Indicated. Thara 
aaaaa to be e vldeepraad eueplclon of etboola or collagae of education 
aaong taachera. We era often eccuaad iapllcltly and eoaatlaae ex- 
plicitly of daecrlblng an ideal aet of effalrot vhat ought to be dona* 
vlthout nuch conalderetlon of the practical conatralnte of real clar.^- 
rooaa. Teacharot on the other handt often aeaa fron our parepectlva 
to equate vhet can be dona In a eltuatlon vlth vhat haa been dona • I 
doubt that thle tanelon batwaen parapactlvae vlll ever dlaappaar. Hov- 
avert by involving echoola or collagae of edueetlon aore heavily in 
the planning and provielonlng of apprantlcaahlp axperlancee and by 
tranaferring aoae of our ecadealc skills and hopefully *'vlelon** to 
exparlaneed taachera In the echoola wa may reduce tha gap. Perhaps 
then the beginning teacher vill not so often be caught between the 
iiqprectlcal **ldael^ and the stodglly **prectlcal*' but will ba able to 
make use of two ccoplaaantsry Inslghte about teaching* 
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TBCHMOLOCk AMD SCIBNCE TEACHER PREPARATION 



Hlehigan Technological Utoivonity 
Houghtoo* HlchlgAo 



Tbt pbr«ooloty vorlM «wmg tho many gotl ototOMoU for 
•clmc* education* but In mm form or «iioth«r» ttch mmt of goala 
••tablithM MM ou ala of tdraca tducation* tho damlopMOt of 
knowltdge and imdaratandltig of aodarn taehnology and of tha rala- 
tlonahlpa awmg aclanca* aoclaty and technology • Thr axpTaaalon 
of thia goal for aclanca education eaasa to ba a racognltlon of 
the need for e technologically llterete aa vail aa eclentlflcally 
literate citixaniy. 

the aaelgnaent of e hi^ priority to thla goal of edanca 
education eeaw to be Juatlflable both logically and practically. 
Science and technology are eo Intricately nlated that ve oftan 
are unable to dletingulah tht« from each other* Science and 
technology eta interreleted and intetdepandant* Conceptually* 
MthodologlcaUy* and phlloaophlcally the flelde of eclence and 
technology ebere aany wre eltdlerltlee than dlffetancee« If 
one were aaelgned the teak of categorizing adentlace end tech- 
nologlste aa well aa eclentlflc knowledge and technological know- 
ledge* he would face an Iffipoaalbla taak* 

But we do have flelde of knowledge we label technology and 
we do have Individuals we lebel technologleta« persona whose 
principal concern is the extension and application of eclentlflc 
knowledge in the solution of society *e problena. Avong these are 
our nedlcal doctors* engineers » dentists » foresters and technicians* 

thla goal becomes important to us as we consider the need to 
educate e citizenry knowledgaeble about Its cultural roots and 
heritage^ and knowledgeeble about the dynasdlc elements and needs 
of the culture and the society* This goal also assuoee Inporcance 
as we assign to the school the responsibility for career guidance 
and preparation* It seems only logical that within the science 
currlcultim children should have opportunities to lean about the 
vocational opporcunicies in science and its applied fields* 

As science educatora* we have tended to Ignore the technology 
goal as elementary and secondary school science programs have been 
designed and Implemented and as we have trained science teachers 
for theee programs* The post-Sputnik science curriculum reforms 
produced programs with modem scientific content* programs In which 
the outdated science as well as the descriptive and applied science 
were eliminated* But we hove Ignored the fact that technology mlso 
has a recent history and we have Ignored the fact that science and 
technology have grown closer together* The pest decade of science 
education has been devoted to the concept of ^pure science/ l*e. 
*'pure physics*** "pure chemlstryt** and "pure biology*" 
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Today's Mcondtry tchool •clmea Ctxtbodka nnly contain any 
MntlOfi of tho tocbnolotlcal {Uldo. In thm phyolea toJttboofcOt 
thon lo no Mntlon of •uch f loldo m mchanlcal onglnMrlngi olac* 
trlcal mglnMrlnKt civil mglnMrlng or gaophyolea* Tho chovlotry 
taxtbooko contain no rafaranea to chaftical anginaarlng or mcallurg* 
leal anginaarlQgi althouglh alchany la ftaquantly daacrlbad In aoM 
datall. Earth aclanca taxtbooka do not mntlon gaologlcal angl* 
naarlnSt ninlng anglnaarlog or fha oinarkla Induatry* Tha haalth 
vocatlona* foraatryt and tha othar appllad biology fialda ata not 
Mntlonad In tha biology taxtbooka* Tha appllcatlona of aclantlflc 
knovladga In tha practical aolutlon of Mn*a aodan day problaaa 
ia Bora or laaa Ignorad In today*a aclanca curricula and taxtbodka* 

Praaant aacondary aclanca taachar praparatlon prograaa tend to 
ptapata '^ura aclanca" aclanca taachara* Proapactlva phyalca* 
chaalaiiryi biology and aarth aclanca taachata are prepared In thalr 
acadaalc fialda alaoat axclualvely within tha appropriate unlvaralty 
acadanlc aclence depertnente. Their eclantlflc training ia focueed 
on tha theoretical knowledge of field. Federally funded training 
prograM for experienced teechers tend to concentrate on **pute 
science'* educetlon* Ab a raault of theae and other Influenceat we 
have prepared a generetlon of aclence teechers well educetad In 
aclence knowledge but Inadequately educated in technology* In the 
pastt proapectlve aclentlatSi science teacherat engineers and othar 
technologists ehered some conmon courses and curricula* Now we 
teach fraahnan chemistry and freshman engineering chamiatryt phyalce 
and engineering physica* Fraaumablyt one courae la pure science 
and the other includes appllcatlona and technology* It would seem 
that if we wlah to have aclence teachers teach youth ^out modem 
technology and about the relationships among science « society « and 
technology^ we must devise programs to provide this knowledge to 
teachers* 

I do not believe we will be allowedt In tha upcoming years* to 
continue to Ignore technology and the technological vocatlona* 
Through the past decade, the science curriculum pendulum has swung 
to the fixtreme *'pure science** position* I believe It will awing 
back toward the middle ground and as It does, we will need to edu- 
cate teachers prepared to teach youth about both aclence and 
technology* 
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SECTION II 



P«n«l Dlacuaalott 
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PANEL DISCUSSION 



Sch«ff: (Introduction) 

Uttlcone to Session Xlb entitlad Secondary Science Teacher 
Education: Where Are Ue Going? Thie session is somei^t different 
in that the psnel members have exchanged papers and had sn oppor* 
tunity to digest their contents prior to this meeting. They will 
noif engage in a disaisslon of the ideas » points and programs pre-^ 
sented in the papers. 

I should mention that the panel members were asked to respond 
to the topic ss they perceived It In relation to recent trends and 
developments in their own institution. No other guidelines were 
given; consequently^ the papers reflect some common thrusts and 
considerable variety in ideas. 

Firsts I would like to introduce the panel members to' you. 
(Each panel member Introduced) 

Now, I will turn the aesaion over to Burt Vosa who will act aa 
moderator for the diacussion. 

Vosa : (Moderator) 

Since we have a large number of paneliata, we decided not to 
ask each paneliat to give a five minute presentation. That would 
take up most of our time. We are going to simply open up the dia~ 
cuaslon to membera of the panel to say anything they*d like to get 
the ball rolling. We are concerned about acience teacher education, 
particularly for secondary achool teaching. What are we doing? 
Where are we going? I have had a chance to read the papera and think 
they are pretty faacinating. People are doing some exciting things 
and are looking ahead. I am ready now to allow one of the panelists 
who feela that che apirit has tnoved him to atart. la there anyone 
who would like to make a couple of commenta? I didn*t hook up theae 
chaira electrically so I am aure no one ia going to Jump. I know 
there aren*t very many baahful people on thia panel. Who would like 
to take a crack? 

Bell; 

I would like to ralae s queation to Vic Morris. In hia paper« 
he described something that aeveral of the papera alluded to, and 
that Is the tight market as far as employing teachera. We are find- 
ing In Pennsylvania that thla ian*t ao for acience teachera, and I 
was wondering if there are data from the other atatea Indicating 
whether acience teachera fit the general pattern or whether there 
still are openings? 




Morris: 



My concern wasn^t so much with whether or not there are positions 
open for science teachers* tty question was that mayhe we are missing 
the hoat If we think solely In terms of science; that perhaps science 
can get along without us If we look at the past record. The new cur- 
ricula which have heen developed have not had much of an Impact on 
college aclence enrollments* and yet science and technology In tetma 
of the ntjmber of reports* research papers* and the advancements In 
scientific and technological knowledge has continued to Increase at 
a doubling rate for about eleven years. This Includes about three 
to five percent of the people we train In our high school science pro* 
grams* My concern Is that at the university level* In particular 
looking at attitudes of students* we are probably producing more antl- 
scientists than we are scientists. Maybe In science education we need 
to take a larger look at the overall picture of education and maybe 
let science Itself float for awhile. Maybe there Is something else 
we could be doing In terms of a broader educational picture than Just 
saying we are going to train a teacher to teach science. So I guess 
my question Is: Where Is science education going In the future* but 
not in terms of Just science programs? Where are we going In educa- 
tion* and where are we going as a nation? What are we as science 
educators going to do about It? 

Voss; 

I think this might raise a question concerning the humanistic 
.appects of science and of teaching that I saw a few comments about. 
'Paul (Bell)* has your question been answered before we might move 
into that? 

Bell; 

1*11 come back later. 
Bridgham: 

The title of this panel or the title that we are supposed to 
address ourselves to Is Secondary Science Teacher Education* Where 
Are We Going? What struck me was the presumption* as I read the 
papers* that secondary science teacher education consists of work 
with preservlce teachers. That Is* by and large the papers are focused 
on work with the beginner. Basically* they concentrate on work with 
undergraduates or a fifth year program or something that looks Into 
a fifth year* I think that*8 simply a strategic mistake. I think 
we are still going to have to spend a lot of time and effort working 
with beginners* but It seems to me that If our concern Is with the 
state of science teaching In schools* then w ought to be spending 
a fair amount of time worrying about the kind of work we could be 
doing profitably with experienced teachers. I think the Job market 
Is not so *'red hot*'* and I suspect that If we want to Justify our~ 
selves, we are going to have a harder and harder time Justifying our 
existence solely In terms of the beginners we are working with. 
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They Are going to decline in numteXt and if ve do keep our enroll-* 
ments up^ ve are going to find ouraelvea in the eotbarrasslng position 
of bringing people through our programs and letting them go and say- 
ing "The Lord will provide." I am not ao sure the Lord wlllt in 
these circumatancea. But even more^ we often talk as though there 
ia a lot of leverage to be gained by working effectively with be* 
ginnera. That is^ we can really make profound changes in schools. 
I think aotnetlnea the argumenta are that we can take these vibrant 
young people and sort of put them out in achoola^ and they are going 
to tranaform the achool. Yet^ all of our background experience in- 
dicatea that^ by and large^ young teachers go into the worat positions. 
They have the least leverage of anybody in the taiilding* and the m^or 
problem aeems to be that about half of them are gone in about three 
to four^yeara. Although I am not sure how that haa changed the iob 
market t the half life of a teacher ia really kind of slim after the 
initial preparation. If we really want to have something to do with 
changing achools, then I think we had better think hard about effec- 
tive waya of working with experienced teacherat becauae they are the 
people that are out there. By and large ^ the people who have experi*^ 
ence are the onea who for one reaaon or another do have aome kind of 
leverage in the ayatem. If we can get them to change^ I think we 
are likely to aee that the achoola will change faster than if we apend 
all of our efforta working with preaervice teaching. So I would like 
to argue for aome conaideration of what we could do with experienced 
teachera. I auapect that the answer ia not going to be one thing. I 
suggeat that one kind of thing would be appropriate for an inatitution 
which haa a diverae aet of reaearch and evaluation akilla lying around, 
and other anawers are going to be appropriate at other institutions. 
It aeems to me that at least a larger proportion of our thruat ought 
to be moving towards work with experienced teachera. 

Voaat 

Great, Do you think we might follow that up with aome ideaa 
on field'baaed programs in which acme people are working with the 
experienced teacher and pre-aervlce teacher at the aame time? I 
know there ia aome of that going on. 

Trowbridge : 

Let me say a little bit in regard to that too, Bob (Bridgham). 
I got the feeling for awhile ^when you were talking » that you had 
written part of my paper » because I had made aome reference to the 
identical problems that you identified, 1^ too, feel that we are 
probably loaing aome of our beat teachera through bad working con- 
ditions when they arrive on the acene aa a fresh » new teacher but 
fall to get the required support from the inatitution from which they 
were graduated and probably do not get support in the achool. Some 
yeara ago^ quite a long time ago - about 10 yeara 5go I think* we 
did a atudy in the State of Colorado in which we aurveyed the teach- 
ing experience of the teachers and found that more than half had 
leaa than five yeara experience. Now thia meana to ua that after 
five years a lot of them were getting out of the field or they were 
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dropping taachlng aa A profeaslon. What I am saytng Ifl that thara 
was a treoandous turnover » becauae the young teachara that ramalnad 
had only a faw yeare of teaching experience on the avara^. Thla I 
think may be supported again In a replication of that study which 
Is being run right now. Thla aupporta what you are aaylng, Bob 
(Brldgbsm) » that we need to do eomathlng to give young taachera moral 
support and a pat on the back. You see we sre doing an Injustice to 
the teaching profession by not allowing theae sharp » young teachers 
to get into a good altuatlon. They are put at the low end of the 
totem pole. They are given all the dirty jobe and given the extra 
duty. Th&y are at the lowest salary and are at the whim of all the 
experienced teachers In the system. It takes a pretty strong will 
and strong mind for a new» young teacher to fight againat that. They 
may have all the good Ideas In the world » but It la pretty hard to 
put them acroee when you are Just beginning. 

Well» one Idea that we have not yet tried which is being used 
at the Unlverelty of Wyoming and which we are looking at very eerlously 
is the Postal School Plan. In this plan master teachers* leaders In 
the small schools* come back to the university for a summer or more 
of work and then go back Into their school district to conduct In- 
service type programs that would help to upgrade the teaching and 
the educational system. Now the typical off-campue or continuing 
education kind of program has an expert from the university who goes 
Out and teaches a clase In a school. Teachers take thle clasa and 
maybe they do scaitethlng about what they learn or maybe they don^t. 
I think that thla thing we are talking about would employ people al- 
ready In the system. It would Identify the potential teaching leaders 
and there Is nothing like having one of your own giving you help 
rather than to have somebody from the outside. So In a w«Qr» this 
would serve two functions. It would help to upgrade the teacher 
leader and keep him In the system* and It would also help upgrade the 
other teachers who are taking the coursee* 

Townsend : 

First* Bob (Brldgham)i you say In your paper those in the teacher 
training institution diagnose the areas where change Is needed. I 
really queetlon whether they can do that If they etay at the univer- 
sity. It goes along with the problem we are talking about — experi- 
enced teachers. First of all* the teachers won't listen to It. You 
can have more of an effect on the beginning teachere because you have 
got the club there. The experienced teachere will look at some of 
these diagnostic results and say* "But you don*t understand the 
problems in the echool*'* and I think they are correct. You go along 
and say* ^'Design the changes that are thought appropriate." I would 
question that by asking* "Thought appropriate by whom?" And then 
along with what Les (Trowbridge) was saying* you were also suggesting 
that we bring them back to the university for retraining* which I 
think is the wrong setting. 

Brldgham: 

That is exactly the model that I rejected. 
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Townstnd : 



Okay I but you are stylng this in tetnw of a naad to gat to the 
experienced teachers and| these are not In your words but it cam 
froB several of the papers « stralghtan then out. I think avan getting 
somebody from the school back to the university and sanding than back 
to the Portal Schools would not be nearly as effective as getting Bomm 
people from the universities Into the schools for more than Just a 
workshop or ahort-term basis. The university people should be there 
a length of time on a day-^to-day basis so that they can work within 
the ccmtext of the school and with the problems of the schools. The 
problems change so rapidly that the people at the univeraitiea look* 
ing at their own experience in the public schools aren*t aware of the 
present problems or even where they can help. Their aolutions aren*t 
for what is needed today » they are for what was needed maybe five years 
ago or maybe more. 

Blosser : 

I will respond peripherally to Bob Bridgham^s concern. Because 
I am so Involved with preservice people and fifth year people that 
we treat as preservice at Ohio State » when your paper came in which 
concerns interns I thought » *'Gee! Yeahl There still are institutions 
that are running teacher intern programs and they have problems too.** 
While I would agree with you that we have to work on inservice people » 
I think maybe a mechanism that we might try is working with preservice 
and inservice simultaneously (backing up what Ron (Townsend) says) out 
in the schools- We have a program that includes heavy school itrvolve" 
ment for five quarters and I have been in some schools for three years 
Tx*sWf working with the same teachers- While I am in there ostensi^bly 
wurking with juniors while they teach sciencei the regular teachers 
are affected too. If they^re aware of it or not» I have seen some 
changes in their behavior in the way they handle kids that I didn^t 
see when I went in there three years ago. Maybe we don*t need to 
bring teachers back to the campus » but support some of the things that 
I think Ron (Townsend) has said. Let's take the campus out to the 
schools and let^s work with preservice and inservice people at the 
same time. Maybe the preservice people will end up in those schools 
where they have done some of their preservice work and then start 
helping inservice people change. I think they gain more credibility 
as a beginning teacher if they have been there before and are not just 
brand new to that building when they have gotten their Bachelor's or 
MAT degree or whatever. 

Gallagher: 

I looked at all the papers that I received and think 11 out of 
12 had a reference to the need for an early clinical experience in 
teacher preservice education* There are I thinks three papers which 
talked about programs for experienced teachers. I think it is un- 
fortunate that we didn*t in our papers make the connection that Fat 
(Blosser) Just described more obvious because I think that is where 
the action really is: where we combine the inservice training of 
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experienced teachers with the preservlce teachers* I think there 
are iDany mutual benefits to be gained from working with experienced 
teachers » eapeclally aa we go along with the training of our pre- 
aervlce teachers* There are certainly benefita to the experienced 
teachera from the continued contact with the university* There are 
also benefita to the preservlce teacher from the point of view of 
having continuing contact or long range contact with the real world* 
Alaot I think there is a great benefit to us* In paper I deacrlbed 
what I think is a lesson that we can learn from the history of science* 
In the history of science » the scholars about the 16th and 17th century 
began to aake some very significant contributiona when they began to 
conbine their efforts with those of craftsmen* It was in the history 
of science^ the union of the scholar and craftsmen which led to the 
scientific revolution in the 17th century* It may be that ve are 
on the verge of a revolution in education* Especially if we^ lat^a 
say we are presun^tuous raough to sayt that we are the scholars in 
the field of educationt coabine our talents with the craftsman in 
the fields the experienced teachers in the fields to address ourselvee 
to significant issues of research » the preparation of new teachers » 
and to the on-going preparation and professional growth of experi- 
enced teachers* 

Bell; 

In support of working at the site of the school t it seems safe 
to assume that we need experienced teachers In the role of helping 
us out even though we might be missing a bet on changing what now is. 
For instance » if we were to take first-year teachers and work closely 
with them by using them ad cooperating teachers t guide teachers t and 
so fortht we might derive several advantages* One» we might provide 
them some supervisory kind of helpt a continuation from their college 
supervision which in many districts they now don^t get* Secondly^ 
their ideas are still fresh and we can capitalize and reinforce those 
fresh ideas. Thirdly » and maybe most Important and one that Les 
(Trowbridge) raised t is that since they have now been given what I 
call the ^^crappy jobs^ at the low end of the totem pole^ the dis- 
tricts might be under pressure » since they are now a showcase room 
having people visiting all the tlme^ to let up on that kind of aspect 
and give them some reaonably good opportunities to succeed* So it 
might be that we can work with the new ot^s as well as the old ones. 

Koran t 

iVe been jotting down some notes; about a million things here. 
Probably what I say will be at least disarticulated and I hope not 
incoherent. But to start wlth^ I was a little distressed when I 
got the topic for this symposium and it focused on secondary science 
teacher education. This suggests that there is something unique 
about training secondary science teachers that distinguishes it from 
training elementary teachers to teach science or training any other 
kind of teachers to teach anything. I generally have the orientation 
myself t and I find after going to a number of meetings and editorial 
board meetings and so on that this is not one that^s held in great 
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•gTcuMDt by ay collatguetf that aclanca lA ainply • vahlcla* If 
m mt% training taachars to parforv In a nunfber of vaya and va Just 
happen to be the fellowe i^o know aoMthlng ^out aclance* than we 
use aclence a3 the dependent variable and taAchlng skllla of varlcnii 
aorts as independent variable""- Thla is our aodus operandi* That 
Is one kind of reflection of it, and it la kind of Juat an initial 
thing. 

Secondly, we're debating here ^out what the target population 
18, and I don't think that snyona in the audience will dlaagree at 
this point that preservlce teacher education certainly has to be 
wound down. If we overproduced. In 1985 or so we would have enough 
teachers In every field to populate every schoolroom that we are gor- 
ing to have available. The way the growth curves are going in tarms 
of population, we'r^ getting nore kids in certain areas and fewer kida 
in other areas* We better be aware of this and start looking at i^st 
kinds of people we want to produce and in what areas, and where we 
want to put our money. I don't think people would disagree that one 
nice place to put our money at this point, in terms of rational ex- 
pediency and keeping universities in business and keeping colleges 
of education going, would be in the Inservice type of activity* It 
is rather a depressing situation to my way of thinking* We've raally 
been on the gravy train in science using NSF money and all sorts of 
other kind of money and, focusing on this target population that 
we've all been talking about that would be profitable to focus on, 
we really haven't been making an awful lot of progress* One of the 
reasons is because we've been producing a lot of people lAio we call 
teachers vko sre really not Intellectually well developed. They are 
not people who have any kind of commitment to continuous learning 
or any kind of conmitment to particularly working with kids. I 
think one of the things we have to do is start Integrating into our 
programSf and even being selective in this inservice kind of orlen* 
tatlon, the notion of picking and choosing the people who are out in 
the schools now* We need people who have Intellectual commitment, 
who have the greatest potential for a wide range of development, who 
are going to be continuous learners, who provide models for kids whom 
they would like to have become continuous learners and focus on that 
kind of activity. I hope I was mildly coherent, but that is my first 
round performance. 

Gale: 

About two or three years ago I moved to an engineering institution, 
and I dally get brainwashed by the dvlls, the mechanicalSf and others* 
I'd like to voice some of their concerns and pick up a few points 
that some of my colleagues have made* There are some red-4iot areas-* 
Job opportunities — right now. There la a shortage of engineers i^o 
are in that part of the engineering Job cycle. There are many oppor- 
tunities for two-year trained technologists, and I think this haa 
some bearing aa our science programs and our teacher preparation pro- 
grams. We've done a pretty good Job of upgrading our science programs 
over the last decade or so* We have purified the science programs. 
If you look at a chemistry textbook you don't find chemical engineering 
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nantloofid* You d(m*t find iiiftt«llurgy nantloned except thet It la 
an axtractlon of metal from ores* You look at a phyalcs textbook 
and you don^t see mechanical or electrical engineering or civil 
engineering even mentioned. We could aay» 'Veil* maybe the science 
teachers Introduce these Ideas In the discussions but science 
teachers come through programs which ha/e been purified at the unl*^ 
veralty level* too. The cheiviatry teacher doesn't start off with 
the chemical engineers* The chemical engineers are over In the 
general engineering chemistry course* and they*re In their own or- 
ganic courses and so on. The physicists have their own genejal 
physics course* and engineers have their own beginning engineering 
physics course* and so we don*t mb elbows In the beginning courses. 
I think ve have In our teacher preparation programs lost any alle- 
giance to technology In the development of any understanding of 
technological fields. I think this Is a very serious problem, and 
I think this Is something that we*re going to have to look at very 
aerloualy and try to develop some programs that will bring back to 
the aclence»the Junior high and the science courses"aome understand- 
ing of technology. I think It la a vocational problem. I think In 
a broader sense lt*a a social problem. 

Vosa: 

Thank you. I think one of my own concerns In teacher education* 
both preaervlce and Inaervlce* that we have alluded to Juat a little 
bit has been the fact that moat of the schools and teachers In our 
section of the state of Michigan are spending a great deal of time 
on the question: How can I be a more humane teacher? Also there Is 
a large amount of Inaervlce through multl-ethnlc workshops. Ifhere 
are we going? How do we treat klda as persons? How do we relate 
more effectively to them? This la a great concern that I face In the 
area In which I work* and I think we need a lot of good thinking about 
It. 

Townaend: 

In talking about what^a happened* I guess In the 60*s» In terms 
of the new curricula and also the Inaervlce Institutes - the summer 
Institutes* It appears to me* and this came as a shock as I went back 
Into the high school,,^ having taught at the university for several 
years Juat prior to tn^t^ what weVe done to the teachers. My per- 
ception of what we've done to the science teachers Is we have given 
them a great respect for the changes In science and the advances In 
science* and at the same time we have taught them to suspect the 
science education or maybe Juat education theories and ^'educatlon- 
eae*" If you will* the terminology* and some of the things that won*t 
work In the real world. Now those are two different things that I 
perceived getting a lot of the science teachers back to the univer- 
sities has done. I think you arc going to have trouble with your 
Inaervlce programs Juat because of this suspect nature of our present 
teachers. I am generalizing* but I think lt*a quite a large number 
of them that have this suspect. It*s not that they completely say 
you're wrong* they Just auapect whether acme of these things will work* 
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even the hunianizing, whether thess will work in the real vorld of 
the school where they are working day to day. 

Gallagher : 

I agree with what you*ve Just said. Dr. Townsend. The teachers 
in the schools really are suspect of education, especially the sdu* 
cators. I can remember my own experience. Hy first day of teaching 
I met a teacher who was a sixth grade teacher in the room right under 
me. I walked down the stairs at the 3nd of the day and Mrs* Myrtle 
Rice (the teacher's nante), a stereotype of the schoolmarm, said to 
me, "One thing I would advise you is to forget everything you Isarned 
in your education courses if you want to be a auccsssful teachsr.*' 

The reason I wanted to get in at this point is I wanted to 
present what might be a tabulation* an Incomplete tabulation* of 
what the common thrusts were in the dozen papers that I read. I 
think it would be helpful if this information was made available to 
the audience before we open the session to audience participation. 
The one topic that I mentioned is the need for early clinical experi* 
ence in preservice teacher education. I think 11 out of the 12 
people had some reference to that. Performance-based teacher educe* 
tion also was a common thrust. I think that was 11 out of the 12. 
Then I came up with four other areas* and 1*11 ask ths other panelists 
to add those that they perceive I've missed because I didn^t do tbia 
rigorously. After I read the papers I tried to record what the 
commonalities were, ittiout three or four people talked about pro- 
grams for experienced teachers. iOiout thrse people mentioned prtp* 
aration for teaching and/or integrating minorities* limer-city ex* 
periencesi and the like. A couple of people mention science as a 
humanity, and I didn't get to read Dr. Galeae paper for some reason 
or other. I don*t know if I haven*t seen it or What the problem 
was, but I would like to expand that topic as to include both sci* ^ 
ence as a humanity and technology as part of sciencs. I think those 
fit into a category that needs discussion in the future of teacher 
education. And then the final category that I have* and there were 
two people who mentioned this, reasoning and conceptualizing abilities 
among students and teachers. The whole story on reasoning and con* 
ceptualizing abilities Just isn*t in yet and there is a lot of new 
thinking in this area which is going to have rather significant im* 
plications for teacher preparation. Are there other categories of 
response that I missed in my analysis? 

Blosser: 

I think a couple of papers talk about developing modules which 
could be a kind of a competency-^based thing* Jim (Gallagher)* but 
it wouldn't necessarily have to be. 

Gallagher: 

Well, I threw it into that category. 
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Schafft 



Juftt to ttentltm tms things Jin (Gallagher) » and mayba the reat 
of you may recall that the January isaue of Journal of Cheftlcal 
Education referred to the big conference at Mount Holyoke laat 
aunaar where the chamlsta dlacuaaad a lot of thangea in their cur- 
ricula. I would kind of Ilka to open up a queatlon* Wa haua In our 
unlvaraltlea cooplalned that the chefilata lecture and don^t incor- 
porata alternative mathoda which we feel should have been used* If 
you read the article » they are describing thi» use of imiltl-sedla» 
Inquiry^ and things of this sort. 1 wonder how real this la or la 
It Just a publication from a conference* Likewise » In ProaPactivas 
In Phyalco which was published 1^ the National Academy of Science » 
by Handler » there is a aectlon» Chapter 11 I recall » concerning 
shrages in phyalca. I alluded to these in oy paper and I put them 
in bacauaa I am wondering if these are changes that are occurring or 
juat aomethlng that^s described in the book? Now when I investigated 
our own institution (I am from the University of Toledo) » I am 
pleaaed to inform you that Proapectlvas in Pfavaica was given to ma 
by the Chairman of the Physics Departmrat. He aald» '*Have you aeen 
thla chapter?" He had read it and had several questions Which we 
dlacuased. It la true they are not ln^lemctnting a lot of the ideas 
mentioned^ but he la concerned^ and he wanted to have quite a talk 
about the posalblllty of getting some of them incorporated within 
their own physics courses. The chemistry people are also doing some 
changing along these lines* My concern 1st to what extent la this 
representative at the university level? Haybe some of the people 
in the audience would like to spesk to that* But at least the sci- 
ence ereaa are giving overtures to making changes which might help 
us in preparing the backgrounds of preservlce teachers and also help 
us in the continuing education of Inservice teachers. 

Koran: 

Two pointa: one la kind of an obaervatlon. There la an awful 
lot of talk about humaneness » humanism^ humanistic approaches to 
instruction and so far I found very few definitions of th^. I 
really don^t know how to operatlonallze it. I would be hard pressed 
in figuring out how to go about producing it or influencing it in 
a teacher education program. I wanted to make that one reaction. 

The second one is that I think in our field we Ve baen guilty 
of producing a lot of pseudo^scientists. A lot of science educators 
are either frustrated scientists or pseudo^sclentlets* Consequently » 
whan these people taach methods classes » what happena is that we have 
kind of a bastardised science course* A lot of our trainees are 
going out into the schools J they have been doing it for a long tlme» 
with no knowledge what so ever of » at leaat the meager kinds of in- 
formstlon we have» about learning. For Instance » we do know some*- 
thing about process acquisition. There is a lot of research in the 
area. We know something about concept formation. In fact we know 
more about concept formation than we normally even encounter in 
meetings such as this. But we do know things about declslon^maklng 
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theories; we do know about small group kinds of dynamics. Ihere la 
an awful lot of research on this that we're not Introducing to our 
students and we^re not putting science In the context of these types 
of things. We do know something about hierarchical Instructional 
systems. Halatlve to modules » we know that they are extremely costly 
to produce t that they have to be produced for particular Individuals 
and If you start out making moduleSt you are going to wind up having 
to produce a different one for every human that y<m Intend to con- 
front with a module. We do know things from the research at Bell 
Laboratories and Rothkopf*s work about teaching kids how to process 
Information, process written Instructional material In science and 
process pictorial Information. We do know an awful lot about media, 
except If you go to Purdue or a lot of other schools you have got 
nultl-medla systems being laid on our teacher trainees and providing 
probably the worst examples of how to use a multl^medla Instructional 
system. And, consequently » these people go out Into Schools and 
they really don't know how to use a multimedia Instructional system. 
We do know a lot of things about modeling. We know, for Instance, 
that all of our trainees come out of academic departments and they're 
all watching professors. The dominant model of the academic professor 
Is to walk up and give a lecture on something and assume verbal 
communication Is sufficient to learn a concept or a high level 
problem solving situation. So, to boll It down^ our science educators 
or science teacher trainers are responsible for teaching our trainees^ 
the people who are In the schools who are now Inservlce people^ and 
our preservlce people » a lot of things and I suspect thay have all 
been the wrong things. We haven't been teaching them how to teach 
andt consequently t going back to the target population we're all con- 
cerned aboutt we almost have to go back to that group and start all 
overt teach them how to teach, teach them what we know about learning 
since teaching Is related to learning In a very direct way. I think 
we could assume that most of them know science because they have 
been exposed to a lot of people who maybe know only science. 

Voss : 

I think It Is time to turn It over to the audience and here Is 
a question — 

Audience : 

I'd like to ask the group to go back to your first comment. I 
think In the last couple of minutes you came back to It ap^aln, on the 
training of these teachers and you are emphasizing the Inservlce 
teacher, what science content » what education content » and even what 
technological content, would you throw at them? Secondly, how are you 
going to get them Into the system? In other words, what specifics 
are you going to give them and how are you going to handle It? For 
example. Isn't this something of what the summer Institutes were 
supposed to do? I suspect they may have failed; if so, vby? Maybe 
I^m wrongf maybe they succeeded^ but Isn't this what the summer in* 
stltutes were going to do and If they didn't fall^ what can we do to 
change this? In other words » how do we do this change? What specifics 
can we give the teachers? 

ERIC 



Trowbridge: 



All rightt let me react to part ol that statement. Firat of 
allt the very fact you uae the term "throw at them" kind of repulses 



Audience: 

Translate that to whatever words you like. 
Trowbridge: 

It*s a little hard to translate that word if you^re talking 
about the way we train teachers. However ^ I vould agree that 
probably the answer to the question that came up before about the 
kind of reaction one gets when he goes out into the schools and 
talks to a teacher and the experienced teacher says^ *Hfell» lorget 
about everything you learned in your education classes. That is not 
the real world." Maybe part of the reason is the very fact that the 
last IS years we have put a great deal of mor ly into retreading and 
retraining teachers and» lor the most part» these teachers of sci- 
ence who have come back to our summer institutes and» in particular 
our academic year institutes^ vere not trained in education* but they 
were trained in science. That is to say* they were there to upgrade* 
to bring their knowledge of the frontiers ol science back up. And 
so they haven^t really learned education. Now maybe that is a failure 
on our part. We have not been genera-ly involved in those kinds of 
things except in perhaps on a kind of a fringe level. 

Audience: 

Let me interject a comment here. I don*t think theyWe learned 
the science very well. 

Trowbridge: 

Okay. That may be as it is. But anyway I think that we have 
failed in that sense. We also failed when those teachers were pre-* 
service* too. There were a lot of instances where the teachers 
who went out from our methods classes and so on would turn back and 
sayt "For God*s sake* don't ever give me another methods class. 
You know I Just can^t stomach that kind of stuff!" And we have had 
lots of instances of that. I forget what else I was going to say* 
but go ahead. 

Bridgham: 

I don*t agree with John (Koran) in the sense of teaching. 1 
think we misconstrue what classroom teachers face and the kindo of 
things they're up to. I*m late doing it* but I Just finished Phil 
Jackson^s book Life in the Classroom . It is a delightful book and 
one of his main themes is that after all* when you look at it^ the 
things teachers try and are trying to do Is not the sort of thirg 
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that people in education have destroyed and» in particular^ they do 
not essentially engineer their classrooins • John (Koran) is talking 
about» it seems to me» how you would go about organizing or engineer* 
ing the learning of students. 

Jackson*s point is» in fact» what teachers do and I think he 
makes a reasonably good argument for it» being adaptive in the school 
situation. It is: they essentially plot a kind of engineering of 
learning. Then they get into a situation with activities for their 
students that they^re fairly sure ^re at least going to engage them 
because that is» after all» sort of the first thing that they need 
to have happen. They don^t want the room to sort of Junip in on them. 
And then they Just exploit » by and large» what comes their way. As 
a matter of fact» Jackson^s sense was that teachers kind of waited 
for something to happen. Tbat they sort of go in with their plan and 
if it all ran according to schedule^ they were kind of disappointed. 
They sort of let the thing go and then all of a sudden^ something 
unexpected happened and» wowl That was the time for them to really 
gOt It points » it seems to me» to the variety of things that do go 
on in classrooms. There are management problems and you know any 
body that has worked with beginning teachers knows that at the time. 
That is one of the things that they^re really concerned with. How 
do you manage a classroom so that you don^t have the room in a 
shambles? These seem to be the most serious problems faced by be*- 
ginning teachers In the fact that they are real. If you can^t 
manage the classroom^ you^re in real trouble. ^ And it is very diffi- 
culty it seems to me» to lay down general rules of order for class* 
rooms. It seems to me there is more to teaching than the kinds of 
things that John (Koran) is talking about. I don^t want to say that 
those are unimportant because after all» the point of school is that 
somehow learning takes place. But teachers do face other problems 
besides simply engineering a preset of learnings for their students. 

It seems to me that I want to disagree with Les (Trowbridge) » 
too. I don^t think teachers avoid methods courses because they had 
a lot of science and haven^t seen a lot of education. I think they 
have seen enough education to know they don^t want more. And I 
think the problem is related to something that John Koran talked 
about in his paper. It^s that we talk about a lot of things^ but 
we simply don^t get involved in a realistic way or wc don^t ask 
them to be involved in a realistic way via the methods work or via 
much of the work in education with the actual problems of teaching. 

Howtoretum to the question. It seems to me that there are 
things that you can do and let me Just sort of knock off a set of 
things* I can think of four different kinds of things that you 
can do. All of them have baen tried and I think under certain cir- 
cumstances » all work well. And the question » it seems to me» is 
not Just can you do those things » but how do you put them together 
In a productive way for the kind of conditions that teachers are now 
encountering and are likely to encounter as we try to make the school 
a more productive place. That lait question is^ it seems to me» 
where the research comes in. That is where we ought to be asking 
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questions. How do we take the stulf that we have and put It to- 
gether In some sensible way so that we really make contact with what 
the problems are and are going to be. Let me Just sort of trace 
down a list In not any particular order* If you want somebody idio 
already knows something about teaching to learn how to use new In- 
structional materials » I think the portal school device Is a very 
effective way. I can*t think of any better way of bringing some- 
body very rapidly to a willingness to use new Instructional material 
than to have somebody who has been an experienced teacher say» "Well 
look» you watch me. I*m gonna try It with these five kids. See 
how It goes. Okay? Now you see what I did? Now I did that because 
when I did It this other way» this happened and when I tried It that 
other way» that happened.*' You sort of get the experienced teacher 
saying to the novice with these materials » **Lot»k» these are the 
things you got to watch out for with this stuffy" and everybody 8ays» 
'*Okay» I know about that» I know about that.** At that point you 
sort of Introduce the person to the use of materials In a way which 
It seems to me Is directly applicable. It Is something that univer- 
sities do not do well» ^Ich I think experienced teadiers do well. 
I think that*s the secret of portal schools. On the other hand» 
you may want people to expand their teaching styles and for the 
novice » as for the total beginner » you may Just want to sort ol lay 
In a starter set of> Instructional skills. It seems to me that» for 
things like that» mlcro-teachlng» modelings and simply sort of 
definition and practice of particular skills has proved to be very 
useful. We can » In fact» get teachers to do things that they weren*t 
doing before using those devices. And ss a matter of fact aa John 
(Koran) has commented^ teachers find It very useful. They come out 
sort of thanking you for letting them have tried this. You know 
that Is very rare In the education course. We can worry about changes 
In curriculum content and adaption and It seems to me that Is some* 
thing where the idiole resources of the university are needed. It 
Is not something to teach In a school especially If It Is going to 
take a teacher Into some relatively new material. I mean w can fuss 
around with the stuff that we*ve already done. It seems to me sn 
awful lot of curriculum change Is Just that. We take 500 of the 
1»000 known devices and we package them. Then we say» "I want to 
change^" so we take 20 more off the shelf » replace 20 that ve already 
have In that S00» and we say that we change the curriculum. Well» 
If you want to change the curriculum In a more dramatic way» that 
Is by really addressing new content » then It riCems to me you have 
to draw on the resources of the university because the university 
Is In fact where new knowledge does get formed. It seems to be 
that*s where you need university and school cooperation. 

Voss: 

Okay. I think that*a been a good recitation^ Bob. 
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Audience: 



I would like to Just make a few contments and let anybody react 
any way they want. like to ask this question. Should teacher 

educators he certified as any other supervisor in the public school 
system? Should they have to tneet that kind of certification? The 
second thing is^ there is a credibility gap as Dr. Townsend has 
mentioned between the teachers and the teacher educators. I main- 
tain that you need to show them that what you have to say is really 
important to them. For instance^ they don't really feel you know 
that you are a credible source. The third thing that I would have 
to say iSt should a teacher educator not return back to the public 
schools for inservice training themselves? And what I mean in this 
resp<£ct iSt should they not teach in the public school systems 
full time every so often^ a full year out of every four maybe^ to 
show the public school teacher that they do understand? I was at thi> 
AERA convention and was shocked to find the number of people that I 
met that were in teacher training programs that had never taught in 
the public school system. I think it is ridiculous to evan consider 
that notion. I think a little cleaning house is necessary. 

Voss: 

You have a lot of questions. Maybe we can start with one of 

them. 
Audience : 

Wellt I'd like to make some additional conments. 

Voss t 

Okay. 
Audience: 

And the last comment that I'll make is: should the methods 
courses be taken out of the university into the public school aystemt 
put under master teachers who have a variety of methods and who can 
show people the in^ and outb of how to use them? 

Bell: 

In answer to one question about certification of a supervisor 
from a univarsityt I think this is all right if you can identify 
what he obould be skilled in. 

Audience : 

Wellt a supervisor in reference to any other public school 
supervisor of science or mathematics. 



107 



Bell: 



So far 1 view those as being inadequate. Nov* if you can go 
for dome sort of competency expectation* yes. If it is Just a matter 
of accruing hours or meeting checklist kinds of coimnitntents » 1 would 
say it is a waste of time. Vou aren't going to get anywhere. In 
terms of experience back In the schools » ^ think this la a good Idea. 
I'm not sure that a university faculty methber should actually teach 
if it is perceived that he Is competing and showing them how» you 
see. 

Audience: 

1 made that comment In referance to them getting Insarvlce 
training on how to teach in the secondary school. 

Bell: 

1 think that is a good idea^ but 1 think it would have to be 
laid out pretty clearly^ that*s What he's there for rather than for 
him to be a model teacher or something like this* 

Schaff : 

To go along with that second pointy or the last one you were 
referring to^ 1 myself have a responsibility for getting into the 
schools a considerable amount of time because we have participation 
activities. These are not only Just for student teaching » ^ut for 
a part of what used to be methods courses and are now a part of our 
team efforts » 1 think 1 am learning contlnuoualy by working with 
teachars In the schools without having to go out thera and just teach » 
because 1 have had several years of high school teaching experience. 
It takes only about two minutes for me to recall and wake up to the 
life 1 onca led when 1 get Into a school » Apparently there Is a lot 
of teaching that hasn't changed. Talking with these people keeps 
met shall we say^ civil and In order. 1 question what good It would 
do for me to go out and teach a full year as long as 1^ representing 
the university^ get into the schools* and work with the teachers. 
1 think that Is the critical thing. 1 know several programs that 
are promoting that now not a graduate assistant but the faculty mem- 
bers get out into the schools » Wa do that at Toledo In the under- 
graduate program. There are faculty members out In the schools work- 
ing with the teachers- very seldom see them ^t the university 
which la probably causing problems from the students saying » "Wellt 
where are tha faculty?" 

Audience : 

1 would maintain that there Is a difference between going out 
and visiting and going In on a day*to-day basis ^ having to prepare ^ 
having to meet those classes and meet the problems that arise on an 
every day basis; not only In a classroom^ but In the total school 
atmosphere. This la where 1 think teacher education la really lacking. 
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S chaff : 



Well» I*in saying that when you vork with them^ that's not 
visiting. You experience some of their problems. 

Audience : 

Yeah» but you are working with the teacher^ not with the kids. 
Schaff : 

Ho» this is during the day when teachers are having their classes; 
you*re involved. I know one school^ where Just this last quarter^ 
when I took students out to participate I took over the class and 
let the teacher work with the student teachers or the potential student 
teachers. That brings me right back to reality quickly. 

Audience : 

You made another interesting point when you said^'just teaching." 
What do you mean by teaching? 

Voss : 

Don Ring» another public school person. 

Audience : (Ring) 

I'm not so sure I agree with your point that it*s necessary for 
a college person to go out and spend s yesr in the public schools 
as a bona fide» certified person doing the activities* I think the 
issue » though » is more fundamental* 1 think the issue Is the apparent 
separation of the scholsrshlp from the prsctltioner and I think thst 
the composition of this particular panel is somewhat reflective of 
that particular Issue. Let me back up a little bit here* 1 thihk^ 
first of allf the question you*re asking about the university edu- 
cation^ pre-service education^ ukay be academic* Given the state of 
teacher negotiations and teacher militancy and their ability to In- 
fluence a state legislature and the state boards of education^ I'm 
not so sure that that question in five years is even going to be in 
your domain. I*m thinking that perhaps that ter^rjier militancy is 
going to take it out and put it in the public schools where they can 
use it to satisfy their own needs* So I think that*s one problem 
that we have here* Burt (Voss) » you brought up a question here that 
I think is reflective or is an example c»f the variation^ the gap that 
exists* The schools right now are very tuned in to inservice and 
humanizing education* What have we had in this conference that has 
done much to tell us how to humanize education? Now John (Koran)* 
you spoke to that* You don*t know how to define it* But nonethe- 
less» if scholarship exists* it's got to address that particular task 
and I think Bob (Bridgham) was saying some of that thing. It's Rot to 
look at the thing* Wc got a Htatonent Isst year from Taul Hurd about 
the involvement of the social and the technical issues in science 
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educatioii» a new look. Where are we this year» relative to what 
was stated a year ago to this particular issue» scholarship-^se? 
Now the thing that I*m really questioning here iS| what is the 
significance of the fact that on your panel there is no school 
representation with the exception of Ron (Tdwnsend) who is only a 
recent appointment to a secondary school position? I think my point 
is that there is a separation of scholarship and practitioner. It 
ia not necessarily a good one and I don't even think it is necessary. 

Audience : (Sund) 

Several statements have been made about education which is a 
beautiful commodity which includes lots of courses and lots of 
universities. But in our experience » ^en you ask students to 
evaluate science methods courses* it*s not as glooiny as you say 
it is. Maybe this is unique in the state of Colorado^ Maybe our 
educators are different* but is it really true in your state or 
your school that when science teachers are criticising education* 
they*re criticising science education courses? I sort of doiibt 
that* because we've also found in our graduate enrollments — they 
are not decreasing; If anything* they are increasing. So these are 
science teachers ^o are coming back for mora education* particularly 
science methods or related procedures. I'd like to fcs^iw what the 
reactions are in your universities? As a matter of fact* I think 
that John (Koran) just showed that there apparently is h demand. 

Audience: 

I would like to aay something to that if I may. The education 
courses* I feel a lot of times* are pretty theoretical. Hie thing 
that we have been doing in TUlsa* Oklahoma is to take up a concept; 
a theoretical concept in a methods course. And this concept might 
be motivation in a science classroom. We then delve into the theo- 
retical aspects of this topic. Then we say* *%et*s see if we can 
apply the theory to the classroom." You develop some kind of a 
presentation and see if you can motivate these students. Here is a 
teaching technique they will be learning at the grade level at which 
they*ll be teaching. With an experienced teacher* we try to pictc 
master teachers to do this* they find out if they can motivate 
students. We have these concepts laid out. niey go out and actually 
get some classroom experience to see what they can do with these kinds 
of things . I think this is something In humanism that we alluded to . 
These are the kinds of things that we do. Motivation is a going* 
an experiencing thing. It Is something you can't learn to do theo- 
retically but you can get some classroom experience to find out what 
the shortcomings are and then come back and relate It to the theory 
again. It's an experience in what you can't do and ^at you didn't 
do* This seems to be working very successfully for us* 

Audience : (Haney) 

There is one problem in secondary teacher training that I 
haven't heard mentioned today. Maybe gomona on the panel is 
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qualified to speak about It. And that has to do with preparing 
teachers to teach Interdlaclpllnary science. You know there*a a 
big conference about It In a couple of weeka and know that a 
whole lasue of The Science Teacher Is devoted to It, but they are 
atlll turning out, for the moat part, physlca majora, biology majors, 
chemistry majora, and earth science laajora* General aclence majors 
are prepared primarily for junior high school type of teaching. And 
not only Is thla concept of Interdisciplinary teaching related juat 
to the sciences but I think we^re talking of relating It to aoclal 
aclences and Cal (Gale) mentioned a little bit about bringing tech- 
nology In. How do we prepare to change our training for aecondary 
teachers so that they do learn aome of the technological Impllcatlona 
of aclence? So, when I raise the problem of Inter-dlaclpllnary 
teaching, really » how can we get people to know ehough biology, 
chemistry^ physlca to handle the aenlor year of a FUSE type program 
we We heard about, then relate It to aoclal atudlea aa well? 

Bell: 

I would like to cite three examples that have been worked and 
aeem to be woi'klng. One^ Is the Tilton^ New Hampahlre, project, an 
environmental science which doea not juat Integrate aclencea but alao 
goes beyond that to Integrate with the aclences, aoclal atudlea and 
the arts* The way they go about thla la to do real research. They've 
not doing canned laba. They're going out Into a drainage ayatem for 
Inatance^ the local drainage system, atartlng to analyze, monitor 
streama, aources of pollutants If they find them. Then they atart 
to deal with how to get aome reaponae from the community. Thla uaually 
Involvea going to look at land holdlnga, who owna them, who has the 
reaponslblllty, and talking to boarda of dlrectora and ao forth. 
They*re getting Involvcrd with technology, by mixing chemistry with 
biology, with phyalca of stream flow, with things like thla. So 
that*a one Idea* Another Idea that has been tried recently la down 
at Shlppensberg State College In Pennsylvania and I think elaewhere, 
but that'a the only one I know about. They're Involving students 
through their general aclence program, atartlng with the flrat term 
on caittpua with reaearch In the areas of geography, geology, meteor* 
ology and the asaoclated chemlatry and physics* Theae research pro* 
jecta continue on cooperatively with the asalstance of the student 
and he carries them right out Into his student teaching and continues 
them on under the direction of hla cooperating teachers, so they are 
getting any lnter*dlaclpllnary mix through doing research In thla 
way. Thla Is empirical type reaearch and not library research en- 
tirely. A third model la being tried at Penn State In the Earth and 
Metal Science Department where they*re Involving students with ques- 
tions about materials and other relationships with technology* They 
might add queatlona like, "Okay, here you have an article say, an 
automobile- How la the best way to dispose of the varloua materlala 
In that automobile?" There la no way that they can*t keep from 
running across Inter-dlaclpllnea . I think these lines are much more 
fruitful than what I have heard coming out of FUSE over the past few 
years, for Inatance where a chemistry teacher and a phyalca teacher 
get together and decided that one of them la going td preaent some 
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of this and the other one Is going to present some of thls^but 
they're still In the old chemistry class. So I would say If you're 
going to go Inter-dlsclpllnary t let's niake It real. 

Voss: 

I think Vic Morris Is next. 
Morris : 

I didn't think I would have the opportunity to get It in. Jim 
Gallagher has been talking about the kinds of things that were offered 
In the 11 out of 12 papers. I*m the twelfth paper. Being the twelfth 
paper I hope It lsn*t like being the twelfth disciple. But I have 
something in response to what Don King has indicated and perhaps^ some 
questions the last gentleman la the back raised. Ify concern at this 
time is that science educators might be concerned that science edu- 
cation has been leading the way in innovation In program develop- 
ment and changes now for several years since we started getting 
money when Sputnik vent up. We capitalized on It a little bit but 
we stayed with science. At this point » my question is» why do we 
Just remain concentrating on science education and continue to teach 
people how to teach science Instead of beginning to worry about teach- 
ing people to teach people? I think we have a greater responsibility 
to our society than to ^ust produce scientists or to Just produce 
teachers who can teach science. I don't think we are nearly as imich 
concerned with the future citizen as we should perhaps be. We've 
been hearing about competency-based teacher education^ but thus far^ 
I haven't heard anyone indicate what the goals are. It Is my under- 
standing of competency-based teacher education that you first Identify 
your goals. So what kind of product are we concerned about today In 
sclen«:e education that will give us the most viable kind of person 
In the future? The question I have^ Is emphasis on science at this 
time going to be sufficient? Also to respond to Dr- Gale^ are we 
ccmcemed primarily wlth^ perhaps » economic sufficiency? Are we 
interested In changing now^ producing more engineers and technolo- 
gists? We tried that with acience and we haven't had much of an 
Impact. They keep on without us. The question Is: are there aome 
other aspects of human development that we should be considering? 
Can we take a look at people and let acience find out where It be- 
longs In the whole aspect of the social realm» and can ve begin to 
addreaa ourselves as a body to this kind of situation? As an 
example t something that Is a possibility ^ do you suppose that sci- 
ence teachera of the secondary level or any other level might be 
different if they spend eight weeks or a semester interacting with 
a social studies team— helping to prepare for teaching in social 
atudiea? Might they bring a different kind of view point to the 
classroom? That is a possibility. What would happen If you as 
acience educatora moved into the realm of going Into the high sdiools 
yourselves interacting with people In literature t In art^ In music » 
as a aclentlst» aa a member of developing team? What kinds of dif- 
ferent perapectlvea might you be able to bring? What would happen 
If our organization » ltaelf» began to Interact with the social 
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studies group that is our equivalent and if we had representatives 
on their development panels and, in on their idea generations? 
Might we not be thinking perhaps of a completely different future 
for science education* things we might be interested in doingi and 
in doing so provide a different kind of service. 

Audience: (Snyder) 

I would like to make a few comments about some of the points 
that have been made to the panel. l*d like to preface these with 
my understanding of some research that is going on in decision-^ 
making. It appears that even when a person is given the opportunity 
of hearing both sides of an issue, chances are he will filter out 
that which does not agree^ and be reinforced by that which does agree. 
No matter how long we might carry on the discussioni I suepect that 
all it does is end up basically with the same biases that we entered 
with. SO| therefore^ that would perhaps explain any comments that 
I want tomakei and two of those are directed at ]>r. Koran* There 
is no way we can test it with people at the University of Florida » 
because I'm at F.S.U. l*d like to think that Dr. Koran's comments 
are naive. 

First off I I for one^ and I don^t think that I am a great ex- 
ception to the rulei am Inclined to think that we don't know all the 
things that Dr. Koran says we know about concept development » about 
decision^makingi abou^ media technology and so on. I have been led 
to believe that more and more as I have worked over the years with 
the development of curriculum theory. I would challenge Dr. Koran 
to present the evidence that would be convincing to ue and that would 
more than just allow us to live with our biases as they exiet. 
Secondly I I think Dr. Koran is wrong In respect to modular develop- 
ment. I don't really believe it is necessary to develop a module 
for every individual teacher in order to meet his specific needs* 
and I think I can demonstrate why that is not the case and I think 
we're doing so at ISCS. 

The third comment is directed toward » I believe » Kr. Ring from 
District 214 in Illinois. I am very much impressed with what this 
gentleman has to say. I think he speaks to all of us very clearly. 
I think that one of our big problems as science educators is that 
we go to the public as if we have something for them; we go to the 
schools as if we have something for them; and for the administrators 
and teachers I and I question whether or not we really do. I suspect 
that maybe we do. But I suspect that the attitude we take toward 
education! particularly Inservice and preservice that really 
laps over into on the scene - activity of the school » is indicative 
of an attitude on our part that we think we've got something to say. 
I question whether we do. I think that» in the future » it may well 
be that we have less and less to say and the public school people 
will have more and more to say. And it is my thinking, at least at 
this pointi that we better learn how to listen. We better learn how 
to listen to the people who are out there really engaged in it. I 
looked at myself the other day, and thinking about a presentation I 
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was supposed to make tomorrow at AETS» I don*t even know ^at I am 
going to say. You know it has been about seven or eight years since 
I have had any significant contact in the schools^ and I disagree 
with the gentleman over here who said we all need to get back and 
teach for a year. The schools can*t afford that» and we can*t afford 
thati it is Impractical even though it sounds good. But I have been 
away from the schools: John Schaff has been away from the schools 
no matter what he may say about being able to get back there and say 
**Now iWe seen ^at it*s like.*' The fact is we really don*t know 
^at It is like to teach any mbre. Times have changed. If you think 
in terms of the Vietnamese returning veterans » what did they say to 
the people? *^ God» where did mini-skirts come from? Where did 
X-ratad movies come from? What is all this problem with dope» marl** 
Juana and so on?** They have only been gone six or seven years. 
That*s how long I*ve been out of the clsssroom» six or seven or 
eight years»and it*s a coopletely new world in many respects. And 
I think we forget that things are changing very rapidly in the schools 
and they've got things to say and I think we better start listening. 
That's the humane way» it seems to me» to start in our effort to work 
through the schools. 

Koran: 

I guess the most efficient way to respond would be to say that 
I will send you a bibliography on each of the areas- And after you 
read it than we can talk about it perhaps more Intelligently. I'd 
like to refer you to the model that Cronbach talks about in GagnS's 
book. GsgnS is one of your colleagues at Florida State » or vas» on 
individualizing instruction. Cronbach and Rothkopf » and I think even 
Gagn£ at this pointy suggest that building modules Is a most unpro- 
ductive enterprise. It's dull for the bxillder» and I can testify to 
that because I*ve been exposed to that kind of enterprise. It is 
dull for the student- It targets in on only one individual difference 
and that is rate of learning. So for all practical purposes » we are 
notlndivldualizlng instruction. We're Just giving kids an oppor- 
tunity to go through a set instructional system and it Is usually 
the same system for every kid at his own rate. Now you might counter 
that by saying that we have branching programs. If the student is 
going through the system and isn't achieving^ we can channel him 
off Into the right corner. In any events the branching program is 
still a set branching program and still capitalizes on one type of 
individuslization mechanism which is rate of learning. So ^at I am 
suggesting is that there are alternatives that are perhaps more ef- 
ficient » and I think if you go out Into the schools » ^ich I do 
occasionally^ I think you'll find that teachers are coming to this 
conclusion also in working with ISCS materials as a matter of fact* 

Voss: 

I think we're about far enough here. Dr. Tovnsend would like 
to make a remark* The two gentlemen can continue their debate over 
lunch. 
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Townsend : 



Don Ring mentioned the composition of the panel. It is even 
worse then you thought, Don, because I was invited to be on the panel 
while I was still at the University. A couple of things I see that 
are changing radically in the schools and that we have not talked 
to is moie and more community involvement in the public schools. The 
public is more concerned than they have ever been. The races for 
school boards are tremendous. We have one member on our school 
board who is the chief accountant for the Jewel grocery chain. And 
is he concerned about what we're doing with every cent and also what's 
happening in the school. He is challeiging us and I think correctly 
so. One thing they are pushing for is larger and larger classes. 
You talk about that with your individualization and your modules 
ana even your 24 students to a lab. But beyond that» we have a 
new grade of student and* this Monday when Dr. Frank Brown from 
Melbourne^ Florida was speaking to the North Central Association, 
I think he really hit it. Maybe this is where the new students come 
from ariu these are soiue of the ret^ults. But he said the liberation 
of youth and the many freedoms which the courts have given to students 
within the last decade make it impossible for a school to continue 
as a custodial institution and at the same time function effectively 
in the area of teaching and learning. These are some of the things 
we've talked about. Just in the area of teaching and learning. He 
says this custodianship of liberated young people fosters a climate 
in which hostility and violence have become coinnonplace. There is 
violence, there is vandalism, there is apathy* there is concern for 
fellowman, and there is degradation of fellowman among our students » 
and this isn't Just in the big cities. This is across the land and 
I think part of it is this business of we're still trying to be cus*^ 
todians, we're still looking at learning theory* teaching theory, 
and the kids have been liberated and you can't impose things on them 
any more like we've been trying to do. I think we better speak to 
this in terms of air educating inservice and preservice teachers. 

Voss : 

t. 

Mr. Gallagher* and then we're going to have to stop. 
Gallagher: 

I think I can provide some kind of questioning here to leave 
people with. We We talked about several new directions in science 
teacher preparation. I think that there are three questions that 
might be worth while to ponder as we walk out the door and maybe a 
little longer. With regard to eadi of these new directions* what 
are the factors that are going to tend to inhibit their implementation? 
What new problems will be created by their implementation? Finally, 
what problems will remain even upon their implementation? 
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Vo8S: ^ 

Very good. 1 think thla has been a healthy aesalon. 1 appre- 
ciate yotir participation from the audience and participation on the 
panels and 1 am not dejected that science education Isn^t going to 
work Its way out of soiae of these Interesting problems. Thank yoti. 
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